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Of ike Chemical Action of Afferent Substances, 
and of the Phenomena dependent on it. 

£57- Having successive! v examined all the 
causes which contribute to chemical phenomena, 
indqiendently of the parUcular character of the 
substances in which they exist ; I purpose, in the 
second part of this work, to consider the sub- 
stances themselves, whose properties are the real 
powers which produce the effects of chemical 

action. 

It follows, irom the considerations set forth in 

the first part, that the forces which substances can 
develop in their action depend, 1st, on their ten- 
dency to combination, by which a saturation is 
produced ; or in their affinity for other substances^ 
winch may be called the affinity of combination : 
rou XI. B Sd|, 
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2d, on the reciprocal affinity of their mblecnlse 
before combination, or of those of the integrant 
parts of the combination : to this affinity may be 
assimilated that of those substances which do not 
occasion a mutual saturation of their characteristic 
properties, but whose effects are analogous to those 
of the reciprocal affinity of the molecu)®. When 
this reciprocal action is sufficient!}^ energetic, it 
produces the force of cohesion, by which name 
I have frequently designated it 

I shall therefore trace the changes which these 
two causes of the chemical action of different 
substances experience in the combinations which 
they form, at the same time endeavouring to de- 
rive the properties of the combination itself from 
the primitive properties of its elements. 

I shall distinguish thesubstances which exercise 
a simple affinity, independent of all composition^ 
from those which, in some circumstancesj exercise 
a resulting affinity, similar to the preceding, and 
which, on other occasions, act by their elementary 
affinities : I shall follow the changes arising from 
the condensation which gives birth to the resulting 
affiniti.es, as well as those which supervene when it 
yields to the elementary affinities. 

Caloric ^on^urs with the chemical forces of 
substances, by the unequal ela.sticity which it gives 
to them : it is in opposition to theforce of cohesion, 
and to every species of Gombination in which the 
approximation of the part^i^ essential; nevertheless, 
as iu effeQ(^ vpitd W4th thp^^ of thea^pity of com- 

binatipn, 
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binatian, aod of the reciprocal afiinitj, it sometimes 
becomesauobstacle to combinations, and sometimes 
it favours them. I shall examine the dispositions 
of substances in tbese diifercnt views; in general 
I shall notice the connection of the properties of 
the substances with the eftects wliich they produce; 
sometimes Ishall consider the phenomena, to show 
the different causes from wliich tliey are derived. 

There are predominant affinities in substances 
which arc the source of their characteristic 
properties (37) ; there are others which areinfi;rior 
to these, but which nevertheless give rise to several 
remarkable phenomena : the first are chiefly useful 
in the classing of substances, and in explaining 
the principal effects resulting from their action; 
but the others must not be neglected. Thus, 
proceeding to the substances whose affinity for 
oxigen is that which predominates, I shall examine 
their mutual combinations. 

I shall not carry the plan I have traced into 
execution wath the minuteness of a treatise on 
chemistry : I shall only examine those substances 
which are eminent for their properties, whoseaction 
explains that of analogous substances, and which 
are the powers that particularly engage the attention 
of the chemist ; or, at least, I shall only point out 
the others by their differences. 

I suppose myself in a situation in which I recall 

to a student the objects that have passed under 

his observation, to show him the connection which 

exists between tlie particular properties and the 

s 2 general 
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general properties ; between the simple phenomena 
and the compound phenomena ; between the dis- 
positions of substances and the processes to which 
they are submitted : I examine with him tho^e 
opinions which are not yet established: I discuss 
the knowledge, still vague, which forms what 
may be cMed Jloating chemistry : but these dis- 
cussionSy and the conjectures to which they have 
led me with respect to objects on which I have 
formed any particular opinion, I submit to che^ 
mistSi 
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SECTION I. 

Of Oxigenable Substances, considered in their 
Relations with Oxigen, and' in their mutual 
Relations. 



I 



CHAP. I. 
Of Oxigen and Oxigenttion. 



S58. With the exception of caloric, oxigen 
seems to take the lead of all suhstances by the 
extent and energy of its affinities; by its action 
on caloric, it also contributes the most to those 
phenomena which are dependent on its combina- 
tion. 

Oxigen not only enters into combination with 
a great nninber of substances, but the tendency 
which these have to combine with it generally 
forms their distinctive character, which they retain, 
more or less, in their mutual combinations; so 
that the relation of the different substances with 
oxigen must particularly direct their chemical 
classification, and serves principally for the ex- 
planation of the phenomena to which they contri- 
bute. Before entering into an examination of the 
particular combinations which oxigen forms, and 
of the substances with which it produces them, 
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I shall apply to it the general observations which 
I have offered on the combinations of gazeous sub* 
stances, either with each other, or with substances 
which are in another state. 

The properties of oxigen receive considerable 
modifications in its combinations, according to 
the state of condensation in which it is found ; 
according to the quantity of caloric which it 
retains in them ; and according to the degree of 
saturation it experiences ; so that by passing suc- 
cessively into different combinations, it can give 
them different properties with respect to the state 
in which it is found in them. 

By its CMfdensation it carries a much more 
eofisiderabfe mass into the sphere of activity, and 
its action is increased! in proportfott to its state of 
.^ondettaiatioti' but it only retains that part of its 
tettdency to combination which is not subdued 
by the affinity of the substance with which it is 
combined : hence if toses more of its own properties 
3n pToportroii as the substance with which it is 
combined has a strcmger affinity for it, and is in 
greater quantity in the combination (180). 

As it has a great disposition to elasticity, tvtry 
elevation of temperature weakens its combination 
t«rith solid bodies, and in general with every sub- 
stance in which this disposition is less ; conse- 
quently the lower the temperature is, the greater 
force must this species of combination have : 
and if heat is necessary to the combination of 
oxigen wjth solids, it is because it promotes it more 

by 
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Ity diminishing tliejr force of cohesion, than it hin- 
ders it by the dilatation of the oxigen ( 1 53). 

Iq the condensation which oxigen experiences 
by combination it does not lose a quantity of 
caloric corresponding with the condensation 
(147); but it retains more or less, according to 
theresuiting force which the combination exercises 
on the caloric, and wJiicli can only be determined 
by experiment : hence, the different phenomena 
occasioned by caloric, when oxigen passes from 
one combination to another. 

259. A judgment may be formed of the action 
of a substance on oxigen, by the properties of the 
combinations which it forms with it, and in which 
those of the oxigen have experienced a greater or 
less saturation (,183); but to be enabled to compare 
substances with each other, in this respect, the 
proportions of the elements in the combinations 
formed with the oxigen must be known; regard 
must be had to the state of condensation in which 
it is found in them, and a just idea must be formed 
of the properties which may depend on it. Noiv, 
the two properties which particularly characterise 
oxigen, are 1st, that of combining with substan- 
ces which are inflammable, and which cease to be 
60 by the combination : 2nd, that of communicat- 
ing acidity to the combinations which it forms, 
M'hen it does not experience too great a degree of 
saturation : in this latter view, it was right to call 
it the acidifying principle. 

On other occasions I have resisted this latter 
idea, 



L 
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idea, for vhich we are indebted to LaToisier» 
bat. at present, it appears to me that too much 
|^t itiiH#> has been given to the principle it was 
intended to establish, while, on my side; I hare 
restricted it too much. 

In fact, it is carrying the limits of analogy too 
far to infer that all acidity, even that of the muri- 
atic, floraic, and boracic acids, arises from oxigeo^ 
because it gives acidity to a great number of 



Sulphurated hidrogen, which really possesses the 
properties of an acid, proves, directly, that acidity 
is not, in all cases^ owing to oxigen. 

There is no better foundation for concluding 
that hidrogen is the principle of alkalinity, not 
only in the alkalis properly so called, but also in 
magnesia, lime, stnmtian, and baritea^ because 
ammonia appears to owe its alkalinity to hi- 
drogen. 

On the other hand, the objection which I rested 
cm the properties of oxigenated muriatic acid, 
which the oxigen seems to deprive of acidity, does 
not appear to me to be founded, because I over-^ 
looked the state in which it exists in it. 

The oxigen is but feebly retained in oxigecated 
muriatic acid, so that it easily abandons the 
muriatic acid, especially to combine with con-» 
deosed hidrogen; this soon gives rise to the 
decomposition of the oxigenated muriatic acid : 
but it realiv enters into combination with th^ 
alkalis, for { am convinced that by mixing aa 

tilkali 
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alkali or an alkaline earth with it, its natural pro^ 
perties were diminished, and its odour, very 
much weakened, shows it clearly; but it only acts 
on the alkalis as a weak acid, because it is but 
little condensed, and the objection which is drawn 
-from the debility of its action in this case, is also 
applicable to muriatic acid whose action on the 
alkalis is equally weak ; nevertheless in propor- 
tion as it is concentri^ted it acquires force, and 
drives the carbonic acid from its combinations 
with pot-ash and soda, although this has a con- 
siderable capacity for saturation: its action on 
muriatic acid also augments by its condensation, 
and this reciprocal saturation must weaken their 
tendency to other combinations : in the super- 
oxigenated muriate of pot-ash, in which theoxigen 
is much more condensed, and in a much greater 
proportion than in oxigenated muriatic acidj it 
saturates a considerable portion of pot-ash^ by 
acting on it with a resulting aiBnity. 

The^e considerations prove that oxigen may be 
regarded as the most usual principle of acidity, 
but that this species of affinity for the alkalis 
may belong to substances which do not contajn 
oxigen ; that we must not therefore always infer 
from the acidity of a substance that it contains 
oxigen, although tliis may be an inducement to 
suspect its existence in it, still less should we 
conclude because a substance contains oxigen 
that It must have acid properties ; on the contrary, 
the acidity of an oxigenated i^ubstauce shows 

that 
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that the oxigen has only experienced an incom- 
plete saturation in it, since its properties remain 
predominant. 

S60. When therefore a substance combines 
with oxigen, we must determine the proportion 
of it vhtch enters into the comi>ination, and ex-* 
amine the properties of this combination : strong 
affinity for it may be attributed to those sub- 
stances which can vanquisbi and combine with a 
Urge quantity of it without becoming acids^ and 
without showing such other dispositions to 
combination as belong to oxigen. 

This method of judging of the comparative 
affinity of diffemnt substances for oxigen is the 
same as that by which the comparative capacity of 
acids and alkalis for saturation is determined 
(88),and appears to me to be applicable to all the 
affinities of combination. 

The simple or nndecomposed substances on 
which oxigen exerts a powerful action, and with 
which it forms the most remarkable combinations, 
are hidrogen, carbon, sulphur, phosphorus, azote, 
and metallic substances : the latter substances, 
with the combinations they produce, and the 
phenomena derived from them, shall be particu- 
larly examined ; among the others, hidrogen and 
earbon are those which, in this respect, hold the 
first place. 

Of all the known substances, there is not any of 
which an equal weight can combine with so large 
a proportion of oxigen, covering, at the same time, 

its 
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its characteristic properties, ashidiogen, but losing 
also all those which characterise itseif : it requires 
only about -rvv of hidrogen, to saturate neaily AV 
of oxigen, to this point, 

I have shown that it is at the term at which the 
tfFect it the most powerful reciprocal action, and 
consequently the condensation, is greatest, that the 
combination of two gazeous substances can be ef- 
fected (206): so great an effect of saturation, 
which 13 unexampled in chemical combinations, 
proves a great power of action in hidrogen; it 
ought therefore to be considered as much more 
active than oxigen, if it exercised a correspondent 
action on a sutriciently great number of substances; 
but there are several with which it only forms 
weak cortibinations, and a still greater number 
with which it does not form any, because the 
weakness of its action on these substances cannot 
overcome the obstacles which oppose its union 
with them ; besides, it has much less relation with 
caloric than oxigen : these motives should engage 
us to class and examine the different substances, 
principally, according to their relations with 
oxigen. 
I 261. Hidrogen, whose specific gravity in the 
IHtale of gas is nearly as 13 to 1, contributes to 
the specific lightness, and to the volatility of all 
the substances in which it is combined; it parti- 
cularly gives the property of inflammability to its 
combinations, which is owing to its predominating 
«flinity with oxigen. 

Elevations 
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Elevations of temperature diminish the con- 
densation produced by combination, and conse- 
quently the effect of the reciprocal affinity of its 
elements: the energy of the affinity weakens 
therefore in proportion as the temperature is raised, 
and when it reaches the term at which the dilatat 
tion produced by heat counterbalances the con- 
densation produced by the affinity, the force of *' 
the (Combination will be greatly weakened. 

It is probably by producing a similar effect, 
that a strong electricity decomposes water, when 
this decomposition is not limited to the disengage- 
ment of a part of one of its two elements ; as in 
the action of the electromotive apparatus (139). 

Tliis action of electricity, analogous to that of 
heat, seems therefore to prove that there is a de« 
gree of temperature at which water cannot exist, 
but in which it is reduced to its two elements, 
which separate, as takes place with ammonia at a 
much lower degree; tlie substances which de« 
compose it by simply disengaging the hidrogen 
gas, only accelerate the term of this natural se-^ 
paration, as those which decompose ammonia by 
carrying off its hidrogen, accelerate that at which, 
heat alone would have produced its separation. 

If a substance, iron, for example, acts on the 
oxigen of water, at the same time that this expe- 
riences a dilatation which weakens the reciprocal 
action of its elements, its action concurs with 
that of tbQ heat ; but this effect must have its., 

limits 
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limits, because a high temperature tends also to 
tieparate the oxigen from the iron. 

The decompositions produced by a concurrence 
of circumstances which change- the mutual action 
of the different substances, may easily occasion 
errors with respect to the comparative affinity of 
these substances ; thus, it must not be concluded^ 
because iron decomposes water, that it has a 
* stronger affinity with oxigen than the hidrogen, 
for this decomposition is only effected by means 
of the dilatation which the hidrogen gas expe* 
riences from the action of heat ; and in a different 
circumstance, the hidrogen takes the oxigen from 
the iron, notwithstanding the disadvantage with 
which a very rare substance exercises an action 
opposite to that of a condensed substance. 

Priestley has shown that by directing the focu§ 
of a burning-glass on Oxide of iron, in ajar filled 
with hidrogen gas, the metal was completely re- 
duced : in this case, the hidrogen gas undergoes 
little change of temperature, and little augmenta- 
tion of its elastic effort; but the oxigen expe- 
riences a very considerable one, and abandons tlie 
iron to combine with the hidrogen, from which it 
would, on. the contrary, have been separated by 
the iron, if the effect had been the same on bothy 
as in the decomposition of water. (Note XIX.) 

S62. JCarbon also exercises a powerful action on 
oxigen ; nevertheless it requires nearly 16 pondera- 
ble parts to be able to subdue 43 of oxigen, and the 
combination then formed is a powerful acid : the 

carbon, 
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gases U'hich become fixed, it may be supposed 
that the hidrogen contributes much, if not the 
greatest part, of the heat produc^ed by the forma-* 
tton of water ; but, on the one hand, it is solid 
bodies, such as phosphorus, which occasion the 
greatest emission of caloric with a given quantity - 
of oxigen gas ; on the other hand> when water is 
decomposed by means of sulphuric acid and iron, 
much heat is excited, and, nevertheless, all the 
hidrogen of the water which is decomposed, te-^ 
sumes the elastic state : the heat, therefore, must 
proceed from the change in the state of the oxigen, 
an^l the caloric necessary to enable the hidrogen 
to pass into the gazeous state can only be a small 
part of that disengaged from the oxigen in its 
passage from the state in which it was in the 
water, to that which it takes by combining with 
the iron. 

Although the oxigen holdd a great proportion 
of caloric in combination, of which it abandons a 
greater or less quantity by clianging its state, its 
fipecific caloric is nevertheless weak ; for accord- 
ing to the experiments of Lavoisier &n(J La Place, 
its specific caloric is to that of water, only as 60 
to 100, which proves more strongly that specific 
caloric has no knoM'n relation with absolute ca- 
loric (140). 

Since oxigen and hidrogen not only combine itt 
the gazeous state> but can also produce water 
when they are already in a state of combination, 
either in the same substance, or in two separate 

substances, 
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substances, the phenomena dependent on ctlorict 
and principally on that which is disenifaged from 
the oxigen, correspond with the state in which 
the oxigen is found in the combinations which it 
abandons to produce water with the hidrogen. 

These extensive properties of oxigen were in a 
great measure unnoticed, before Lavoisier made 
known its combinations, and analysed the nu» 
merous phenpmena which depend on it : it was a 
happy epocha for chemistry, when Black had just 
laid the foundation of the theory of heat; wbca 
Priestley, by new processes, discovered a great 
number of gazeous substances, till then neglected ; 
when Cavendish united the application of a lumi<» 
nous physical knowledge with the most delicate 
researches of chemistry ; when Bergman metho^ 
dized all the processes which serve to direct die* 
mical action, and to class the effects of it ; when 
Guyton establidied a communication Ixrtween all 
the opinions, and weighed them ; when Fourcf oy 
began to publish, with celebrity, the rapid dif^ 
coverici to which he contributed Suddenly ihK 
experiments of Lavoisier elucidated a great part 
of the pbenofDena vfaidi diemifU bad bees </Ui|^ 
to lea:TC uaexplainedy or of which tli^ y^\^: ^/uly 
an incamidete interpretatkm^ by tlrje u^i uUi ^A ^u 
ideal waffoutkm on which u^y U^t//w^ tM; <«.- 
portanet of a itatBtrf aiui o^Aaiut^i unu ti^; U^t^ 
most noik ajuoftg f ren^.x crf<!:ix.^.ti. 

The commlmztMH of wifi^tt. ^iU. W; oUa^ y-^i^ 
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according to the quantity of caloric which is dis- 
engaged : when this quantity is very small, it i* 
a simple oxigenation which takes place ; when it 
IS considerable, and produces much heat, and alsd 
light, it constitutes what is called combustion, 
and the body which undergoes it, is properly called 
combustible, or inflammable: these two specie$^ 
of combination differ therefore only in an indeter- 
minate degree; it is nevertheless proper to dis- 
tinguish them, by considering oxigenation as a 
more general phenomenon, and combustion or 
inflammation as belonging to a part of the oxige- 
nable bodies, in the circumstances which are fa-' 
'vourable to the action of the oxigen: oxigenation^ 
considered in all its extent, comprehends the 
greatest part of chemical phenomena, of which it 
is the immediate cause, or to which it contributes 
more or less. 

The two substances, laying aside the metals, 
phosphorus and sulphur, capable of producing the^ 
phenomena of combustion, which is only dis- 
tinguishable from simple oxigenation by the great- 
|)roportion of caloric disengaged, are hidrogen 
and carbon, which by their combination with 
oxigen form w^ter and carbonic acid : it is to the 
hidrogen and the carbon that the other compound 
bodies owe the characteristic properties by which 
they are classed among inflammable or combus- 
tible substances^ 

It is therefore to the formation of water and 
carbonic acid that the phenomena of combustion^ 

ar^ 
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are ptiiicipally owing, whether it is accoinpanied 
by a great change of the temperature, or whether 
it produces less sensible effects, a slow and ob"^ 
scure combustion, and changes of constitution, 
which afterwards have their value in chemical 
action. A subject of such importance in the pro- 
duction of the phenomena with which chemistry 
is occupied, requires that the most correct pos- 
sible idea should be formed of these two species 
of combination. 



CHAP. II. 

Of the reciprocal Action of Oxigen and Hidrogen i 

Of the Action of Water. 

265i We may distinguisti two descriptions of 
processes, by which the memorable operation oP 
tlie composition of water has been performed, for 
the purpose of ascertaining all the results. 

In the first, which has been employed by La- 
voisier and Meusnier, and by all those who have 
since endeavoured to bring this to perfection, a 
globe is filled with oxigen gas, into which hi- 
drogen gas is passed, and combustion is produced 
by means of electricity; an alternate afflux of 

c a hidrogen 
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hidrogen gas and oxigen gas U made from reser' 
voirs, called gazometers, whose immersion in 
water determines the quantity of the gas which 
they furnish, so that the combustion may be 
maintained by suitable proportions of each gas, 
until the gazeous residue of the combustion op- 
poses its continuation : at this period, if it is de- 
sired to continue the operation, the gas is with- 
drawn by an air-pump, and the process is recom- 
menced.* 

In the second process, Monge,t after having 
formed a vacuum in a globe, introduced a quanti- 
ty of oxigen gas, which, at the temperature and 
pressure of the atmosphere, would have filled the 
twelfth part of its capacity, he then filled it with 
hidrogen gas: having interrupted the communi- 
<:ation between the globe and the graduated cy- 
linders whlcli supplied the gases, he inflamed the 
mixture by electricity : lie introduced a new 
twelfth of oxigen gas, and so on in succession: 
■when the gazeous residue prevented the explosion, 
he withdrew it by means of an air-pump, and re- 
commenced the introduction of the gases, and the 
successive explosions, 

This process has the Inconvenience of subject- 
ing the vessels to being broke by the force of the 
explosion ; but the graduated cylinders made use 
of by Monge to measure the quantities of the 
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'gases, have as much precision, and are much less 
expensive than the gazometers. 

Water, more or less pure, and a gazeous resi- 
due is obtained in both processes ; this residue i& 
formed, 1st, of azote gas, which is always in 
greater or less proportion in the oxigen gas, ac- 
cording to the substances from which this has 
been obtained, and which are usually oxigenated 
muriate of pot-ash, which yields it in the greatest 
purity of any of them, oxide of manganese, and 
oxide of mercury : 2d, of carbonic acid gas, 
which is usual^ in greater or less proportion with 
the oxigen gas, when it has been obtained from 
oxide of mercury or oxide of manganese: the 
quantity of this acid is much diminished by 
washing the gas in lime water; but it cannot be 
entirely taken away by this means : a part also 
arises from the hidrogen gas, either because it was 
held in solution in it, or because it has been formed 
by the combustion of the carbon which the hidro- 
gen gas always contains in greater or less quantity 
when it is obtained from iron, as it generally is; 
3d, at the conclusion of the operation, there is 
found, with the carbonic acid and azote gas, more 
or less of oxigen gas and hidrogen gas, which 
have been unable to enter into combination, be- 
cause of the mixture of the other gases, which 
obstructed the combustion. 

To compare the results of the operation with 
the quantities of the gases made use of, the spe- 
cific gravity of these gases, at a certain tempera- 
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ture, 18 ascertained, and the residue is analysed, 
Avhicb, with the water produced, must represent 
^heir weij^hts. 

^ SGC. The liquid which is produced is not aU 
ways. pure water, it frequently contains nitric 
acid, the quantity of which is found by means of 
pot-ash, which forms nitrate of pot-ash. 

Cavendish, who appears to have first noticed^ 
t/nit the water produced in this combust ion was the 
result of the combination of two aeriform fluids^ 
and that its weight equalled theirs ; also iGrst no-r 
ticed the production of nitric acid in the formation 
of waterf. According to his pbservations, this 
acid is formed when the oxigen gas made use of 
contains but a small proportion of azote gas ; it^ 
quantity is increased when a certain quantity of 
azote gas is added to the oxigen, to the amount 
of one-fourth of its volume nearly; on the con7 
trary, less acid is obtained when atmospjieric air 
is used, more than three- fourtlis of which are azotei 
gas ; and, fnially, the formation of nitric acid is 
avoided by employing so large a proportion of 
hidrogen gas that no oxigen gas remains free. 

On the other hand, Fourcroy, Vauquelin, and 
Scguin have observed, that if the combustion is 
made very slowly, no nitric acid is produced ; but 
that this combination takes place as soon as the 
combustion acquires a certain vivacity, 

• Rapport fait « TAcad. par Lavoisier, Brisson, Mcusnier et 
\a Place, Recueil do M^ra. parSeguin. Tom. II. p. 309. 
- t PbiUs- Trwis. 1784. 
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la this case heat produces the same efTect as 
the electricity in the experiment by which Caven- 
dish formed nitric acid ; but we have seen that the 
cflFccts of electricity correspond unth those of a 
temperature much more elevated than the action 
of light or the ebullition of water {135) ; so th^t 
it is only with a certain briskness of combustion 
that-nitric acid can be produced. 

In this production of an acid there is one cir* 
jcumstance which is probably deserving of atteu^ 
tion : Eeir having examined some water which 
Priestley bad formed by the combustion of hidro- 
gen gas, and which contained some acid and a 
little oxide of copper, says,* that he kept the 
liquid in ebullition with distilled water and pure 
nitric acid for half an hour, to carry off all the 
nitrous gas which it might contain, and that ne« 
vertheless solution of silver precipitated muriatic 
acid from it ; whence he concluded that the ma- 
riatic acid is produced with the nitric acid, as in 
se^'eral other operations of nature. 

Cavendish had also observed, that the nitric 
acid be formed gave a small precipitate with so- 
lution of silver, but he attributed this precipitate 
to the nitrous state of the acid, and proved that 
sitrate of pot-ash, reduced to a nitrite, also pro- 
duced a precipitate : I shall nevertheless remark, 
that nitric acid, strongly impregnated with ni- 
trous gas^ does not produce any precipitate with 

• Philoiw Tnms. 17M. 
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solution of silver, and that there is not any oh- 
tained by passing a great quantity of nitrous gas 
through a solution of silver : in this respect the 
solution of silver is not like that of gold, from 
vhich the gold may be precipitated in the metaHic 
state by a nitrite, as was shown by Tennant* 

By means of the preceding observations, the 
operation may be easily nianaged so as to obtain 
only pure water, and the formation of the nitric 
acid, and the circumstances which hinder or fa- 
vour it, may be accounted for. 

If the quantity of azole gas is very small, it is 
retained by the uncombined oxigen gas, and does 
not produce nitric acid ; this can only be formed 
at a more elevated temperature than that necessary 
i'oT the water ; so that when the combustion is 
well managed, the water is pure, even when the 
oxigen gas employed contains a proportion of 
azote gas favourable to the production of this 
acid, and when it is similar to that of atmosphe- 
ric air, only a very small quantity of this gas, or 
even none, can be obtained ; because then the 
combustion has not much vivacity; finally, if, 
during the operation, the hidrogen gas is in sufti- 
cient proportion, no nitric ^cid is fornied, be- 
cause water is produced in preference, so that 
hidrogen gas would decompose nitric acid at a 
high temperature ; it is obvious, therefore, that 
in Monge's e.-iperimcnt, in which the hidrogen 
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gas was always predominant, no nitric acid could 
be found, although there was a sufficiently 
considerable quantity of azote gas: the water 
which he obtained also gave scarcely any signs 
of acidity. 

To prevent the inaccuracies which might have ■ 
arisen from water held in solution by the gases 
submitted to combination, Lavoisier and Meus- 
nier caused these gases to pass through dried mu- 
riate of lime, with which the tubes that con- 
ducted them into the vessels wherein their combi- 
nation was eS'ected, were imperfectly filled ; the 
quantity which they then contained was so ex- 
fremely small, that it could not occasion any 
error in the results; nevertheless these results 
show that water is composed of 85 ponderable 
part* of oxigen, and of 15 of hidrogeu nearly, a 
proportion which may be satisfactory in common 
circumstances; but according to the experiment 
made by Fourcroy, Vauquelin, and Seguia, with 
a precision which it is ditficnlt to attain, the 
weights of oxigen and bidrogcn which enter into 
the composition of water are in tlie following re- 
lation; cxigen, 85,662 ; hidrogen, 14,338; and the 
volumes of the gases employed in the combustion 
are, oxigen gas, 15,837 ; hidrogen gas, 32,517; so 
tliat the volume of oxigen gas is to that of hidro- 
gen gas as 1 to 2,050.* 

S67. No trace of the elementary affinities of 
oxigen and hidrogen can be perceived in water, 

Mem. fie I'Aead. 1730. 

their 




zs 



BECIPKDCAI- ACTION OF 



their saturation appears to be complete; never- 
theless, as tliese two elements, in addition to thejr 
mutual alllnily, have also one for other substances, 
so water has a resulting afliiiity which is powerful, 
though different from t!ie distinctive affinity of 
-the oxigen, and from that-of the hidrogen. It 
does not aflect the ciiaracteristic properties of 
other substances, while it does not experience de- 
composition ; one part of its effects takes place iq 
that space of the thermometric scale between the 
freezing and boiling pointsof watet, and forms the 
:hygrometric phenomena; but in some cases affi- 
pity unites another quantity of water with much 
more force, and we shall see that alnmine can i*. 
tain a tenth of its weight of it at the highest de- 
gree of heat: this affinity of the water, which 
modifies the reciprocal action of tlie molecuhe of 
a substance, or of the integrant parts of a combi- 
nation, isthe principal cause of the separations oc- 
casioned by a difference of solubility. I have 
given a good deal of attention to these effects iu 
the first part of this work, I shall nevertheless 
again notice those which depend more immediate- 
ly on the action of the water, and on its different 
states. 

The action of water on solid substances weak- 
ens the effects of the reciprocal action of their 
molccnia: nr of ihc integrant parts of their combi- 
nations, and when it becomes sufficiently power- 
ful it reduces them into the liquid state; hut 
solids produce an opposite action on it, and when 

this 
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this action is preponderant, they redace it to the 
solid state : they accelerate the term of its conge*- 
lation as it accelerates the term of their liquefac-. 
tiou by caloric 

The action of the solid bodies with which water 
combines, produces, therefore, the same effect pn 
it as the redpction of temperature ; it reduces it 
to the solid state, with thi§ difference, that when 
its moleculfiB are only influenced by their mutual 
action, the phenomena of congelation take place 
in succession, sp that those which pass to the 
solid state, take an arrangement, more or less 
symmetric, which augments the dimensions of the 
ice; but when, for example, it is solidified in 
salts, it does not experience this accidental increase 
of volume, which is proved by the salts being con? 
flensed in crystallizing (142): if the water took 
the dimensions of ice, they would, on the con- 
trary, experience a dilatation on passing to the 
solid state, and a condensation by liquefaction. 

When it takes the solid state in this manner, by 
the action of the integrant parts of salts, it may, 
in proportion to its quantity, communicate pro- 
perties to them which depend on the reciprocal 
action of the solid moleculae ; it serves as an inter* 

a 

niedium to them, and may be said to be the ccr 
ment which unites them to each other; but it 
renders them more or less fusible by heat : it has 
no innuence on the symmetrical arrangement 
when its quantity is small, but in ^ large quantity 

it 
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it is capable of varying the forms of the crystalli- 
zation. (Note XIV.) 

When it communicates liquidity, it may change 
the state of saturation of combinations by exer- 
cising a more powerful action on one of iheir ele- 
ments ; but it is only by this change that it con^ 
tributes to the state of saturation which results 
from its action. 

Water retains an action on the other gazeous 
substances ; it can dissolve them more or less, and 
re<luce their volume, though this reduction is ge- 
nerally very inferior to that which accompanies 
stronger combinations, as is proved by the facility 
vith which they are restored to their elastic state. 

The elastic effort which these substances, as 
well as the water itself, retain, in this state of so- 
lution, constitutes their tension, by which a part 
resumes the gazeous state whenever the pressure is 
removed, or when it is assisted by the affinity of 
the atmospheric air : it is augmented by heat, 
which favours the disengagement of the gazeous 
substance, as is also done by opposing a fixed 
base to the action by which it is retained more 
strongly in a combination : but the tension varies 
according to the proportions of the water, as we 
have seen that it varied in ether by the action of 
alcohol (Note XVII.) ; and what I have said on 
the comparative tension of alcohol and ammonia 
(165), is- only applicable to these substances, as 
well as to muriatic acid and to all the liquids aris* 

ing 
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ingfrom the combination of a gas with water, or 
with any other hquid, by supposing them to be 
in a uniform state. 

From the diflferent comparisons which I have 
shown, it will be seen that water acts by an affini- 
ty similar to that of all those substances which do 
not occasion any change in the properties of 
others, by altering the state of their saturation ; 
but as soon as it begins to be decomposed it pro- 
duces this effect, and then gives birth to combi- 
nations which have peculiar properties, and of 
these, the principal shall be examined in suc- 
cession. 

Oxigen which is held in solution by water en- 
ters easily into combination with other substanbe^ ; 
thus the oxide of iron precipitated from green 
sulphate*, passes to a more advanced stage of oxi- 
dation in water ; phosphorated azote becomes lu- 
minous, and a portion of nitrous gas passes to the 
state of acid : only part of this air is driven oft' by 
ebullition, for phosphorated azote also becomes 
luminous with distilled water, and with that which 
has been boiled. 

To decompose water, a more powerful action 
is required, such as a strong electric shock, which 
at the same time drives off the oxigen gas and the 
azote that might be held in solution, even by 
distilled water|; but it is generally by the concur-. 



• Scheele, de I'Air et du Feu. 
t Teununt Philos. Trans. 1797. 
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much larger than those of the gases were which 
form it: from this it arises that when the combi- 
nation of oxigen with hidrogen is made with too 
grtat quantities of the gases, the vessel is burst 
with violence. 

Tliis force, acquired by the vapour of water, id 
not to be considered as an increase of elasticity, 
since it is only occasioned by the change of tempe-^ 
rature ; if it is brought to the same thermometric 
degree as that of the oxigen and hidrogen gases 
before their combination, it can only form vapour, 
which has not only a specific gravity nearly doublo 
that of the mixture of tho gases, but which can 
only resist a feeble pressure ; it then passes to the 
liquid state, and when the temperature approaches 
that of congelation the reciprocal action of the 
moleculas gives birth to the force of cohesion. 

The effect of the caloric disengaged in the com* 
bustion of hidrogen gas has been compared with 
the heat necessary to melt ice*: it was observed 
that one ponderable part of hidrogen gas, by its 
combination with a proportional quantity of oxi- 
gen, liquefied rather more than 300 parts of ice, so 
that the caloric disengaged in the productipa of 
one part of water, is sufficient to melt nearly 50 
parts of ice, or to raise 50 parts of water from the 
degree of congelation to 75* of the centigrade- 
thermometer; which would give for the tempera- 
ture of the vapour of water, at the moment of its 
formation, 3750 degrees equal to those of the ther- 
mometric scale, above the point at which the gases 

* ^Jem. recueillis par Seguin, torn. I. 
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wereintlie moment of their combination, if one part 
of the caloric was not employed in reducing the 
water into vapour, and did not become latent ia 
consequence of the dilatation produced by it ; and 
if another part of it did not escape in light and 
radiant heat. 

Since the gazeous state is not necessary to 
enable the oxigen and hidroajen to form a combi- 
nation, and as they can also produce water when 
they are already in a state of combination, either 
in the same substance, or in two separate sub- 
stances, the phenomena which depend on the 
caloric, and principally on that abandoned by the 
oxigen, correspond to the state of the oxigen in 
the combinations which it abandons to produce 
water with the hidrogcn (S64). 

269. Tlie l)rocesses in which the action of 
water is employed, and the explanation of the 
phenomena which depend on it, require therefore 
that a distinction should be made in those arising 
from the affinity by which it unites to substances 
without experiencing any change in its state of 
saturation, or occasioning any in that of the sub- 
stances; those which depend on the changes of 
saturation made in a combination, because it 
unites with one of its elements rather than with 
another (2 16); and, finally, those in which its 
elements experience and produce a change of 
combination and saturation. 

The changes of state which it undergoes from 
the differences of temperature, or from the action. 

VOL. II, D of 
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of other substances, must also bedistinsruishedrit 
may pass into an elastic state or a solid state by 
either means. 

Finally, it absorljs or it abandons caloric ac- 
cording to the changes it experiences ; and the 
elements which form it eliminate more or less, in 
their combination, according to the quantity of 
it which they contained, so as to retain only that 
Mhich is suitable to the state in which it is found. 



CHAR III. 

Of Charcoal and Carbonic Acid. 

270, Cn ARCOAT. owes its predominant character 
to its strona: athnitv for oxisjen, but it has also a 
powerful one for hidrogen, and it is the mutual 
ailinities of these three elements which complicate 
both the combinations resulting from them, and 
the effects which are peculiar to them : this also 
renders it difficult to class the facts which exhibit 
the composition of charcoal, Uie distinctive pro- 
4)erties which it gives to the combinations it fonns^ 
and the phenomena dependent on the action of its 
elements : in this chapter I shall principally con'- 
sider the composition and properties of charcoal, 
and those of the carbonic acid which it produces 

by 
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by its combination witb oxigen ; and in thenextj 
tijose of the gases whicli owe their diatlnctive pro- 
perties to carbon and hidrogen : but some of the 
subjects treated of in one chapter may not receive 
the necessary elucidations until the following one. 

Charcoal is not a simple substance : hence it 
arises tliat the element which predominates in its 
composition, and to which it owes its distinctive 
properties) and particularly its fixity, which re- 
sists the most powerful action of caloric, when it 
is not obliged to give way to the formation of 
some combination, has been distinguished by the 
name of carbon. 

By its combination with oxigen, the charcoal 
gives rise to carbonic acid : Lavoisier, to whom 
this important discovery is owing*, made several 
experiments to determine the proportions of car- 
bon and oxigen whicli form carbonic acid, but be 
did not succeed, as he confesses himsell"^ in at- 
taining the precision he wished : the results of 
some of his experiments gave 28 ponderable pafts 
of carbon and 72 of oxigen, and others gave 24> 
of carbon to "6 of oxigen. 

This determination would be of great import- 
ance, not only in judging of the products ofcom- 
bnstiou, but in discovering the composition of a 
great number of substances in which the cliarcoal 
is associated with hidrogen, and in estimating the 
properties dependent on each, as welt as the diffe- 
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quired to pass oxig^D gas through a red-hot tube 
in which strongly calcined chareoal is placed ; at 
the commencement of the operation it will be seen 
that a considerable quantity of water is deposited 
at the extremity of the tube, and the gas disen- 
gaged forms a cloud in the jar into which it is re- 
ceived ; so that it also deposits water on cooling. 

Cruikshank noticed that when a mixture of a 
metallic oxide and charcoal strongly calcined is 
urged by the fire, a little water is always disen- 
gaged* ; and he concluded from this observation, 
and from some others, that calcined charcoal al- 
ways contains a little hidrogen. 

272. If strongly calcined charcoal contains hi- 
drogen> it follows that, in its combustion, all 
the oxigen which is employed does not serve for 
the production of carbonic acid,* but that a part 
must combine with the hidrogen to form water ; 
nevertheless if charcoal strongly calcined is em- 
ployed, no water is perceptibly deposited, as was 
observed by Lavoisier : whence it may be conclud- 
ed that carbonic acid retains a quantity of water 
which is not manifested when it is formed by the 
combustion of charcoal. Is not this quantity that 
which produces hygrometric phenomena ? 

We have seen (172) that, at the same tempera- 
tmf, and at the same degree of humidity, the 
gases all contain the same quantity of water, 
which, in its state of solution, takes the dimen- 

• Olltenr. ad<Jit. Ip Avut. laoi. BibJ. Britao, 
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sions of a permanent gas, and which produces the 
hygrometric phenomena ; but this quantity is too 
small to explain the phenomena which have just 
been mentioned, and those which will presentl^^ 
be noticed, for 100 cubic centimeters, at a tempe- 
rature of 15**, can only contain a little more than a 
milligramme. 

Instead of the hygrometric water, either of the 
oxigen gas or of the gas which is disengaged at 
the commencement of a slow combustion, being ca- 
pable of giving the explanation of the water which 
is deposited, the hygrometric property of the gas 
disengaged, and which is proportional to the high 
temperature in which it is found, must disguise a 
considerable part of that which is formed, so that 
t-he quantity of hidrogen which was contained in 
strongly calcined charcoal necessarily exceeds that 
which enters into the water deposited in the cir-^ 
curastances described ; and nevertheless it is only 
a little of the charcoal which contributes to it 
Wlien therefore charcoal, strongly calcined, pro- 
duces carbonic acid by a combustion in which no 
water is perceived, it must be combined with the 
carbonic acid in a state different from that which 
is in simple solution, and wluch produces the hy- 
grometric phenomena* 

I have endeavoured to determine the quantity of 
the water which can be disguised in the formation 
of carbonic acid, by inquiring into the propor- 
tions which could best agree with the specific 
gravity of ^ome hidro-carbonated gases, the quan- 
tities 



40 OP CHAECOAL ASD 

titles of oxigen gas which vas neoessary to 
combustion, and those of the cmrbonic acid aris- 
ing from it ; but the results which I obtained can 
only be considered as uncertain approximations, 
because a supposition, remote from that m'hich I 
employeil, would have given a difference of com- 
position which corresponds equally with the spe- 
cific gravity : ne\Tr:heless I shiii make use of 
these results in the following chapter, because 
they ari* adapted to show the rtlaiiocs of the com- 
position of the different gases lahich I then exa- 
ininetl ; but they nvu>: only be considered as hy- 
pothetic to a oeitai;; {.v^int, 

I shall conline i:u>c'l: t."^ ccnc!ud:rst in this 
place, that the nuv^t >:rons:Iv c2.Ic;Ded charcoal 
contains the hiurv^c^^n which. w::h the oxigen, 
piothiecN a quantity of waUT :hiC niay be render- 
ed M n>iMe ; that this wa:tr ir.av bevrome latent ia 
the ouhuaiY louiutixMi of c-irivmic acid; and» 
liut it e\ee\NU that wz/.vh. n:U:a<u by a weak 
iilhniiNi |Me>v-i\eN tl:e \;iuHru>:o::s suiuble to its 
Ha^reiMis Nlate, and p:\x;uce^ hygrocietiic pheoo- 
ntrnn, 

MiiX I'haia^al can tVriu CvnixbicatAxis withoat 
lU nn»Uenl*r evaxnijj to exervise the n:utual action 
111 \\\\\\ \\ w \^ \\\\wbXs\i tor lis force of cx^hesion: 
Imni \\\\^ xMWK^ the>^e cx^n^biuatkvis hi\-e much 
l»..h hialiiUu th.\n th\vxo iu which :be reviprvnral 
•iltiiiih isn\'lM'>»aU a\|vwvi\ 

InnMhi. rnr>iile>, Sehvvle. ivvi Mccwzo, 
|ihiuthlt(M iltaiM^d ha^ thepf\^\v;\ of^L^orbing 
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different species of gases, and particularly carbonic 
acid : Rouppe and Noorden have repeated and 
varied these experiments; from the Memoir pub- 
lished by the first,* it results that charcoal cooled 
without the contact of air possesses this property, 
which is also greater in proportion as the tempe- 
rature is lower; that the part of the atmospheric 
air which is not absorbed retains its eudiometric 
state; that the temperature of boiling water is 
sufficient to drive off the absorbed gas; and that 
charcoal impregnated with hidrogen gas forms 
water, even with the production of heat, when 
it takes oxigen gas. 

From these observations, it may be concluded 
that when charcoal is fresh prepared, it will ab- 
sorb atmospheric air and carbonic acid, whence 
may arise the small quantity of carbonic acid, of 
azote gas, am! of water, whicli, when it is sub- 
mitted to distillation, passes at the commence- 
ment; but no oxigen gas ia obtained, whicli 
should have been the case, if the observation of 
Rouppe, who is of opinion that, by an clc ration 
of temperature, the absorbed gases are disengaged 
in their integrity, is admitted without restriction. 

274. Carbonic acid, which can only be formed 
M'hen the temperature has diminished the resistance 
of the force of cohesion of the charcoal, has au 
acid power which is very considerable, and which 
even appears to be superior to that of the sulplmric 
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acid, since the carbonate of lime, and tliat of 
bariteSy have a much greater prcportion of earthy 
base, than the sulphates of lime and of barites : 
I have obscr>'ed, that in this view, an exact com- 
parison of the carbonic acid with the others can- 
not be made, because the carbonates made ase of 
had frequently an excess of alkalinity (87) ; it is 
not known whether the carbonates with earthy 
basesy have also this excess, but this consideration 
only adds to the idea which must be formed of 
the power of the carbonic acid. 

It is not therefore surprising that carbolic acid 
adheres with such force to fixed bases, when the 
salts which it forms do not contain water, which, 
by its affinity for it, favours its disengagement, 
and serves as an intermedium between it and the 
base which retains it. 

Withering observed that the native carbonate of 
barites could not be decomposed by heat alone, 
while the artificial carbonate could* : he attribute 
C(l this to the water of which the first was de- 
prived, and by means of which the second 
al)andons its carbonic acid ; but nitric acid suf-. 
ficicntly weakened, which can supply the requi-» 
fcile water, disengages, the carbonic acid from the 
first as well as from the latter. 

Priestley confirmed the opinion of Withering, 
by disengaging the carbonic acid gas of the native 
carbonate of barites by means of the vapour of 

• Philoi. Trans. 1784. 
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water, which he caused to pass over this carbo- 
nate, placed in a tube upon red-hot coals*. He 
endeavoured to estimate the quantity of water 
which united with the carbonic acid, and he con- 
cluded, from his experiments, that it was equal to 
half the weight of the acid ; but this estimation 
is doubtless much exaggerated : it even appears 
to me that the species of experiment which it re- 
quires is not susceptible of a degree of precision 
which can be depended uponj the barites which 
has abandoned the carbonic acid will retain part of 
the water, for it manifests a great affinity for it; 
the carbonic acid must be received into a vessel of 
a large capacity, on whose sides a quantity of 
water may be deposited which .it is difficult to 
estimate, and which greatly alters the results ; a 
small difference in the temperature varies the 
quantity of water which remains in solution in 
the carbonic acid, and which affects its volume. 

Pelletier was equally unable to withdraw the 
carbonic acid by exposing the native carbonate of 
Siberia to the action of heat, and he was obliged 
to employ acids very much diluted to obtain the 
fiolutionf. 

The greatest part of the other acids, and even 
acetic acid much concentrated, are unable to dis- 
solve the native carbonate, unless a certain quan- 
tity of water is added to them» 

• Philos. Trans, 1788. 
I Aop. de China. Toiri. X, 

Arc 
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Are we not warranted in concluding that this 
constant difference between the native and artifi^ 
cial carbonates, whether in the action of beat or 
in that of the acids, and which is made to disap* 
pear by the simple addition of water to the first, is 
owing to the water which is retained in much 
greater quantity in the last ? 

But the artificial carbonate itself only yields 
part of its carbonic acid by the action of heat, as 
was observed by Chenevix*, and it is probable 
that its decomposition would have been effected 
by employing Priestley's method. 

I have admitted too easily (173), on the au- 
thority of Clement and Desorme t, that the action 
of air may supply that of water, by causing a 
current of it to pass over the native carbonate of 
barites ; experience has undeceived me : I passed a 
current of air, in the manner they direct, over 
the native carbonate placed in a porcelain tube» 
exposed to a strong heat ; the air in its passage 
through the lime-water really indicated a small 
quantity of carbonic acid, but, having broken the. 
tube, I observed that the fragments of the carbo- 
nate were only alkalised where they touched the 
tube, and that those parts had contracted a yel- 
lowish grey colour, and seemed to have promoted 
the fusion of the surface ; but all those parts which 

♦ Bibl. Britan. Tom. XVIII. 
t Ann. de Chim. Tom. XLIII. 

had 
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had been most exposed to the action of the air re- 
mained in a perfectly neutral state. 

Afterwards I urged some pieces of the carbonate 
lay a strong fire, in a covered crucible, and they 
became sensibly alkaline without the assistance of 
water, and without any current of air. 

It is not therefore strictly correct to say that 
the native carbonate of barites does not expe- 
rience a decomposition by the sole action of heat; 
it can be alkalised to a certain point ; I should, 
however, premise that although the carbonate I 
employed was very transparent, it contained a 
little sulphate of barites, so that the alkalised part 
occasioned a black precipitate in solution of lead : 
nevertheless it dissolved in nitric acid without a 
residue. 

Although this sulphate may have had some in- 
fluence, tlie experiment I have inserted proves 
that the current of air opposes instead of favour- 
ing the decomposition of the carbonate ; and that 
it only causes the small quantity of carbonic acid, 
which without it would have remained in the in- 
terior of the tube, or which would have been in- 
sensibly absorbed at the surface of the water, to 
become perceptible : and this efl^ect has nothing in 
common with that arising from the vapour of the 
water In Priestley's experiment. 

The effect, which is attributed to the slight so- 
lubility of nitrate of barites, in explaining the , 
inaction of the acid on the native carbonate, when 
a certain quantity of water is not added to it, 
should 
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should also take place with the artificial carbonate 
vhich nevertheless does not require this addition 
of water: the muriatic and acetic acids, which 
form more soluble salts, should act without the 
addition of water, and nevertheless all the acids 
show the same difference between the nativQ«kand 
artificial carbonates. 

275. The carbonate of barites is not the only 
one whose carbonic acid refuses to yield to the 
action of heat, either wholly or in part. Carbo- 
nate of pot-ash itself, according to the observa- 
tion of Pelletier, only gives out a small part of its 
carbonic acid by the action of heat, and it must 
be remarked that even when the native carbonate 
of barites retains all its carbonic acid, it attacks 
the crucible, and reduces it into glass, as was 
observed by Klaproth; this also happens with car- 
bonate of pot-ash, so that glasses are t)ien ob* 
tained which contain much carbonic acid. 

Kirwan says* that Black was never able to cal- 
cine carbonate of lime in any considerable quan- 
tity in an argillaceous crucible, without vitrifying 
it, and that he could only accomplish it in a 
black-lead crucible, whose in^uence we shall see ; 
and that Smith met with the same difficulty. 
Pictet also has endeavoured to decompose car- 
bonate of lime, but in vain ; he could only obtain 
a small quantity of carbonic acid from it, without 
the assistance of water. From these observations 

• Bibi: Brit. Tom. XV. 

it 
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it is probable that it is only by means of the va^ 
pour of water formed by the combustion, or 
which is disengaged from the combustible sub- 
stances, that the lime-stone is converted into lime 
in the kilns where this operation is performed ; 
nevertheless chemists know that marble can be 
completely Teduced into lime, and this difference 
seems to arise from the water, which the marble 
retained during the crystallization of its particles* 

Finally, if it is considered that lime and mag^ 
nesia do not combine with carbonic acid, unless 
water is added, we are warranted in supposing that 
carbonic acid requires a certain proportion of 
water to enable it to pass into solid combinations ; 
and that when this proportion is diminished to a 
certain degree, it cannot be driven from the com- 
binations which it has formed, unless the greatest 
part of it is restored, or the nature of it is changed 
by the methods which will be discussed in the 
following chapter. 

It is obvious, therefore, that water intervenes by 
its affinity in the greatest number of cases in which 
carbonic acid is disengaged, when it is itself held 
by a weaker affinity ; it then retains a greater fa- 
culty of acquiring the elastic state, and seconds 
a similar tendency in the carbonic acid, as ether 
accelerates the vaporisation of alcohol, and water 
that of sulphuric acid. 

It may at first appear difficult to a^it the ex- 
istence of water in substances which are exposed 

to 
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to the strongest fires ; but is it more difficult to 
conceive than that of the carbonic acid, which is 
possessed of a much greater disposition to elasti- 
city, and which, notwithstanding, enters into 
glasses not decomposable by the highest degrees 
of heat, as we have just seen ? Does not alumine 
retain water at the highest possible degree of heat ? 
We may therefore admit the supposition of this 
water, if, besides the considerations I have just 
offered, we attend to those phenomena which can- 
not receive any plausible explanation but by means 
of the existence of water in carbonic acid^ or in 
its combinations. 

275. It must not, however, be concluded that 
carbonic acid cannot exist in the gazeous state 
without the concurrence of water ; this may be one 
of the differences between the carbonic acid 
formed by the combustion of the diamond, and 
that which arises from the combustion of charcoal: 
thus as the properties of the diamond, and the dif- 
ferences discovered between it and charcoal, seem 
to prove that it is composed of carbon, which does 
not retain hidrogen in combination, the carbonic 
acid formed by its combustion cannot contain 
water, and consequently, with an equality of 
base, must have less specific gravity ; so that by 
comparing it with the carbonic acid which has been 
enabled to saturate itself with water, such as it is 
obtained in the greatest number of circumstances, 
errors will be occasioned in its valuation ; and 

although 
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although this subject has employed some skilful, 
chemists^ I am of opinion that it requires new 
investigations. 

It is this want of hidrogen which renders the 
diamond much less combustible than charcoal, or 
which occasions it to require a much more ele\'ate(l 
temperature, although it may have been subjected 
to a great mechanical division : the carburet of 
iron or plifmbago seems, in this respect, to hold 
a medium between charcoal and it ; for, although 
in Kirwan's experiments it did not give sulphu- 
rated hidrogen by treating it with sulphur, other 
considerations nevertheless prove that it does con- 
tain hidrogen, and, in particular, its property of 
favouring the decomposition of the carbonates, 
like charcoal. 

Guyton, who has established the chemical cha- 
racter of the diamond by many experiments, has 
proved that it also possesses the property of con- 
verting iron into steel. Mushet has raised some 
doubts on this interesting experiment ; he pre- 
tended that iron might be changed into steel in 
vessels closed with care ; so that, according to him, 
no conclusion can be drawn from the conversion 
of iron into steel : but Mackenzie has proved*, 
by experiments made with great care, that the 
iron preserved all its characteristic properties, when 
it was exposed to the greatest heat in closed vessels, 

without any mixture which could change it, '. feven 

- - ... « . • ^ 

• Joarn. deVui.Mons; No.2. - - ;.v;.'^i: " *; 
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although the vessels were so cracked as to permit 
the introduction of gazeous substances : he also 
confirmed the reduction of iron into steel by the 
diamond. 

277. The combustion of one part of charcoal in 
the calorimeter, liquefied 96 parts of ice ; which 
gives, for one ponderable part of carbonic acid, 
nearly 24 parts of ice liquefied, or 24 parts of 
water raised from the temperature of congelation 
to 75 degrees of the centigrade thermometer, or, . 
an equal weight of water to 1800 degrees of the 
same thermometer. 

But to determine the quantity of caloric arising 
from the combination of the carbon with the oxi* 
gen, it is necessary to deduct from this quantity 
that which arises from the water produced (267), 
and which is principally in a state of combina- 
tion. The carbonic acid which is formed, is raised 
to a more elevated temperature than the water, in 
the inverse ratio of their capacity, or of their 
specific caloric. 

In the combustion of those substances >vhich are 
used as the common aliment of fire, a quantity of 
caloric is disengaged proportionate to the quanti- 
ties of water and carbonic acid which can be 
formed, according to the composition of these 
substances : this caloric in part takes the form of 
light, or of radiant heat, w^iich, in furnaces, en- 
\CT9 speedily into combination, or which is reflected 
by the fire-places according to the inclinations of 
the surfaces ; but the greatest part remains com- 
....:[l hined 
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bined with the water and carbonic acid which it 
has raised to a high temperature, until this tem- 
perature can be shared with the neighbouring 
bodies ; so that more heat is obtained in propor- 
tion as the gazeous substances which are formed, 
are subjected toa greater circulationin which they 
can part with it. 

Azote gas forms mote than three-fourths of at- 
mospheric air : at the first instant, it divides the 
heat with the water and the carbonic acid, in pro- 
portion toils capacity for heat and to its quantity, 
&nd it exhales with them : this occasions the 
water and carbonic acid to be suddenly reduced to 
a much lower temperature than they would have 
been If they had not been united with the azote. 

If the proportion of atmospheric air is too great, 
the superfluous part makes a useless division of the 
heat which is disengaged, and carries it off in its 
exhalation, so that the temperature is much less 
raised ; if the current of air is not rapid, the ca- 
loric is communicated proportionally to the neigh- 
bouring bodies, and the temperature is but little 
raised near the fire-place : the height of the pas- 
sages for the gas which has experienced combus- 
tion determines the rapidity of the current, by the ^ 
vacuum which is formed by the reduction of the 
vapours which exhale. 

From these properties combined with the greater 
ol- less conducting faculty of the bodies which 
should either maintain or communicate the tem- 
perature produced by the combustion of a suitable 
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proportion of \tlie combustible substance and zU 
mospheric air, are deduced the conditions most 
advantageous in obtaining the greatest effect of 
combustibles : coiiditions which have been deter- 
mined with the greatest attention by a celebrated 
philanthropist, in the principal uses in society. 

Oxigen gas, by its combustion, produces a 
much brisker heat than atmospheric air, because 
the azote gas does not divide it with its combina- 
tions : its disengagement is also much more rapid, 
and this also increases its effect ; because, the 
communication of heat requiring a certain space 
of time, it must accumulate faster when the com- 
bustion is brisk than when it is effected slowly. 

This property of oxigen gas has been employed 
to produce degrees of heat which cannot be at- 
tained with atmospheric air in the most skilfully 
constructed furnaces, and which can scarcely be 
obtained from the strongest lenses and the largest 
concave mirrors. 

Many chemists have employed themselves with 
the processes best adapted to draw the greatest ad- 
vantage 'from this powerful means of increasing 
the heat, and applying it, either by directing the 
jet of oxigen gas on the substance submitted to 
experiment, and which is placed on charcoal, or 
by causing the oxigen gas to meet with hidrogen 
gas : Lavobier, in particular, Ehrman*, and lat- 

♦ Essai d'un art. de fusion, etc. par Elbrman ; suivi dc$ menu 
de Ls^TuiiUr. 

terly, 
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terly, Robert; Hare*, have improved these pro- 
cesses, and multiplied the experiments. 

278. Charcoal, therefore, is not a simple sub- 
stance, but is indebted to carbon for its distinctive 
properties, and principally for its fixity : without 
losing its force of cohesion it can form with diffe- 
rent gases, which it reduces to its state, a com- 
bination whicli does not sustain an elevation of 
temperature equal to that of the ebullition of water; 
nevertheless the oxigen which is absorbed in this 
manner seems to remain 6xed in it, until it can 
enter into a more intimate combination: but at 
every known temperature charcoal retains hidro- 
gen whose effects must be estimated in the com- 
binations which it forms. 

The principal combinations of charcoal which 
take the elastic state are carbonic acid, and the> 
compound inflammable gases which we are about 
to examine. 

The quantity of caloric eliminated by the oxigen 
gas in the formation of carbonic acid, is de- 
termined by that which is required for the new 
combination. Carbonic acid contains carbon and 
oxigen in a proportion to which only approxima- 
tions have yet been obtained, because the hidro- 
gen of the charcoal produces at the same time a 
certain quantity of water which becomes latent. 

This water-retained by the powerful affinity of 
the carbonic acid, muft not be confounded with 
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that which produces hygrometric effects, and 
which only experiences an action incapable of 
changing the dimensions whidi are suitable to it 
in the state of elastic vapour (168). This water 
is manifested by the methods which can decom«t 
pose it 
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CHAP. IV. 

Of Carburatcd Hidrogen^ and of Oxi^<arhuratci 

Hidro^en. 

S79. We have seen that charcoal is composed 
of carbon and hidrogen, and that, in the experi't 
ments of Lavoisier, the common charcoal must 
have contained t of its weight of hidrogen, to 
which is to be added the undetermined quantity 
which it retains after the most powerful calcina-f 
tion, and which was neglected by Lavoisier. 

Charcoal strongly calcined may be considered 
u a uniform combination with the exception of 
the small quantity of ashes and of salts which may 
be found, in proportions a little different, but 
which do not contribute to the properties it pos- 
sesses as an inflammable substance : this is not the 
case with charcoal which has not been submitted 
to a strong heat; it may contain a greater or less 
proportion of hidrogen, according to the circum- 
stance 
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stances of the operation by which it was prepared, 
add perhaps according to the composition of the 
wood from which it was made. It is probable that 
the properties which are distinguishable in its use 
may arise in a great measure from this ; we shall- 
also notice another difference. 

Nevertheless there is a limitation iii the quan*'* 
tity of hidrogen which charfcoal can retain, as welt- 
as in all the combinations of gazeous sub^tslnces- 
with those which are fixed, and which must over-- 
come the resistance of the elasticity. Beyond this* 
term, there i& an interval between the proportions 
which compose the charcoal whose distinctive pro-' 
perties are owing to the carbon, and those of the 
gazeous combination formed between the carbon^ 
and the hidrogen, and in which the properties of 
the hidrogen become predominant, and more par-' 
ticularly by the state of elastic fluid which is ow- 
ing to it. This elastic fl.uid is the Carbureted hi*' 
drogengas. 

Until very lately the inflammable gas which 
contains only carbon and hidrogen, and andther 
species of inflammable gas which, at the same 
time, contains oxigen, and which I have thdught 
it right to designate by the name of oxi-carbu- 
rated hidrogen, have been confounded under the 
same denomination, 

The theory which I have embraced on this sub- 
ject is in opposition to that supported by Guy ton 
^nd his pupils, who consider the gas which I call 
Qxircarburated as differing only froii> the compos 

sitioQ 
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nition of carbonic acid, by having a larger pro^ 
portion of carbon, thus excluding the hidrogen. 

The opinion of the celebrated chemist M-ith 
whom I maintain this discussion, is of such weight 
that I could not but fear I had been in some error: 
thi.H 1ms induced me to enter into details, by which 
a judgment may be formed of the reasons on which 
my theory is founded : besides this point, which 
lit the first blush, appears to be only s^light diffe- 
Tcnce, of little interest, becomes important to the 
complete knowledge of the phenomena of com- 
hustioui of the reduction of metals, and of the 
rrsults of the analysis of vegetable and animal sub- 
^tanci^s and is connected with the most general 
principles of the science. 

AVlien s\ich of the oxides as. retain the oxigen 
with a (Strung uiVinity are reduced by means of 
cluircoa), neither M*nttr nor carbonic acid are ob^ 
tuUird» nevertheless the oxigen has entered into 
combinution, and the metal is reduced : the theory 
which supposes only two combinations of the oxi* 
^t:\\ with carbon and hidrogen, namely, carbonic 
acid and water^ Ivis nothing to oppose to the ob^ 
jcclious Priestley drew from these facts, which he 
was the fust who noticeiL Wooiihouse multiplied 
the fucbk but did not undertake to develop the 
the caust* ; which Cruikshank executed with suc- 
cc;»)\ Ikrlore his cxperimeuts were known to the 

• Ann. a* Chim, Tern. XXXVIIL ct XXXIX. Mem. 6m 
rtiwttt. low. IV. 
t £iU. IkiL TcBk XVIL n XVIII. 

French 
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French chemists, t' f-yhad been eoiployed in ana- 
logous inquiiiesi ami the tl'iscussion, of wliich I 
have spoken, was commenced between theiu. As, 
however, those of Cruikshank have the priority 
of date, and M'ere, in geiieral, made with much 
care, I shall principally derive the results from 
them. 

2S0. The analysis of the compound inflamma- 
ble gases is founded on the property which hidro- 
gen gas and carbon have, of forming combinations 
with oxigen in determinate and known propor- 
tions, and which it is easy to distinguish ; so that 
by these combinations we can determine the 
quantity of the two inflammable elements which 
enter into the composition of a gas whose specific 
gravity must be known : if tliese two elements, 
by their union, give this specific gravity, it is a 
carburated hidrogen which has been examined, and 
in which no other ponderaiiie element could ' 
exist : if, on the contrary, they can only form 
part of the weight, we must suppose there is some 
other ponderable substance to complete it ; and 
this can only be such a proportion of hidrogen and 
oxigen, that it enters into the composition of the 
water : the necessary quantity of hidrogen and 
oxigen is added to obtain the specific gravity of 
the gas which is then oxi-carburated. 

This kind of analysis is capable of great pre- 
cision in the carburated hidrogen gases, when 
tlicir specific gravity has been accurately deter- 
mined : for there docs not remain any uncertainty, 
exeeyt 
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except on the proportinn of the oxigeii whioh 
enters into the composition of the carbonic 
acid, in attrii)uting that which is suitable to the 
t'oimation of the water whose proportions are well 
known; but as the weight of thehidrogen is only 
about a sixth of that of the water, a small diffe- 
rence in the method of estimating it, is reduced 
to a small quantity in the determination of the 
composition of the gas. That of the elements of 
the oxi-carburated gases is subject to a greater 
unceilainty ; the quantity of hidrogen which en- 
ters into their composition being much less, a 
small difference in the adopted bases may lead to 
a great one with respect to the proportion of the 
hidrogen, or even render its existence doubtful. 
Besides, the latter gas being less combustible, a 
part of it easily escapes from the combustionj 
principally by the action of the carbonic acid, 
■which is also capable of disguising its iuflamma- 
hility : it appears, likewise, to receive a certain 
portion of azote into its composition, which, with- 
out doubt, is variable in the different species, and. 
which has hitherto been neglected, The objects 
of the ana]3'sis must, therefore, be limited to as- 
certaining the considerable differences which are 
found in the composition of this species of gas, 
and to drawing those consequences from it which 
are applicable to the explanation of the phenomena 
offered in the reduction of the metallic oxides, 
and the decomposition of carbonic acid, and of 
piher oxigenattd substances, which left an ob- 
scurity 
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jBCurity in this part of the theory that no one had 
attempted to dissipate before Cruickshank, but 
hitherto no great precision has been acquired with 
respect to the proportions of the elements Avhich 
compose it 

I have observed, that to obtain the most com- 
plete combustion of oxi-carburated hidrogen gas, 
it is necessary to cause it to detonate with a great 
excess of oxigen gas, so that I employ one part of 
the first with at least two parts of the latter, al- 
though only a portion of it is required for the^ 
combination ; another precaution not less necessa-' 
ry is, to wash the oxi-carburated gas with lime-: 
water, for I have found that simple water left a 
tenth of its volume of carbonic acid, and it is to- 
these circumstances that I attribute the differences 
found between the results which have been 
published and mine. There was a greater con- 
sumption of oxigen gas, and more carbonic acid 
produced in my experiments, although, on repeat- 
ing them several times^ they gave but very small 
differences. 

281. The carbupated hidrogen gas, therefore, re- 
quires more oxigen gas for its combustion; it 
burns with a red o|r white flame according to its 
yivacity. 

The quantity of oxigen gas which combines, 
compared to that of the carbonic acid which it 
forms, and to that of the water whose production 
piust be supposed to complete its combustion, 
indicates a quantity of caf bon and hidrogen which 

is 
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it burns with a blue flame, although this pro^tfrty 
is not to be considered as constant and distinc>- 
tive ; it yields much less water during its com* 
bustion, and sometimes it does not yield any 
apparently ; it has generally a greater specific 
gravity, nevertheless this is not, as was thought 
by Cruikshank, a character by which it can be 
distinguished, for that of the olefiant gas is 
generally as great ; besides it is variable in this 
respect 

Both gases are decomposed b^^oxigenatedmuria^ 
ticacid, but withsome differences; it appears from 
the experiments of Cruikshank tliat the carbu- 
rated hidrogen gas, on being slowly decomposed 
by the action of oxigenated muriatic acid, is* 
in part, converted into oxi-carburated gas ; but 
this may also be decomposed by the oxigenated 
muriatic acid, as is proved by the experiments of 
Guyton and Cruikshank: nevertheless the latter 
noticed that the electric spark did not inflame the 
mixture of oxigenated muriatic gas, and of oxi- 
x:arburated hidrogen gas, as it does with the ear- 
burated hidrogen gas, so that he gives this as 
a method of distinguishing the two gases : it 
appears, therefore, that the oxigenated muriatic 
acid decomposes the carburated hidrogen gas 
more easily than the oxi-carburated, which is 
conformable to the opinion that might be formed 
from their respective compositions. 

The oxi-carburated s:as is formed in different 
circumstances, the principal of which must be 

examined. 
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2d. The gas arising from alcohol which is passed 
through a red-hot tube : according to the Dutch 
chemists who have described it, its specific gravity 
is 0.436, that of atmospheric air being 1.000: ex- 
periment shows that it contains 0.780 of carbon, 
and 0.260 of hidrogen, Avhich also corresponds 
with its specific gravity. 

3d. The gas obtained when an oil is distilled: 
there is a little difference in this gas according to 
the period of the operation ; that disengaged at 
the commencement has a little more hidrogen and 
a little less carbon than that which is yielded near 
the end: the first is composed of 1.144 grains of 
carbon, and of 0.260 of hidrogen ; and although 
its specific gravity has not been determined, the 
grea1tsimilarity.it has with the olefiant gas leads 
me to conclude that it does not contain other 
principles. 

4th. The gas proceeding from the decomposition 
of water by charcoal, which contains nearly 0.260 
grains of cjfrbon, and 0.208 of hidrogen; this is 
very little different from the specific gravity deter- 
mined by Lavoisier and Meusnier. 

According to the experiments of Cruikshank, 
. that which is obtained from camphor, and from 
the distillation of animal substances, may be in- 
cluded among the carburated hidrogen gases. 

282. The following are the principal differences 
which distinguish the oxi^carburated hidrosrefi 
gas from the preceding : it is much less combusti- 
ble; it requires a much less quantity of oxigen ; 

it 
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These two experiments prove demonstratively 
the existence of a species of inflammable gas . 
\(rliich is composed of oxigen, carbon,' and hidro- 
gen, and which is atrueoxi-carburatedhidrogen; 
so that the existence of this species of gas is no 
longer hypothetical. 

In the second place, they show that this gas may i 
receive very different proportions of its three 
elements ; for the analysis of the first dilated gas 
differs considerably from that of the second. In 
this respect, therefore, the oxi-carburated hidro- 
gen resembles the carburated, which admits very 
variable proportions of hidrogen and carbon into 
its composition. 

' This experiment also evinces that it is peculiar 
to oxigen gas to increase the dimensions of a 
gazeous combination into which it enters, unless 
this effect is attributed to the small diminution of 
the carbon ; but the opponents of my opinion , 
reserve this expansive property for the carbon, 
and deprive the oxigen gas of it, contrary to every 
indication of the properties of these substances^ 
one of which has naturally the greatest fixity, and 
- the other a considerable disposition to the elastic 
state.. 

I must not conceal that a result contrary to the 
experiment I have just analysed has been publish- 
ed : it is said*, when carbojiated hidy^ogen is in^ 
Jliimed in P^oltd's eudiometer^ if there is not asuffi-^ 

* Journ. de TEcolc Poly tech. Xl* Cahier. 

citncif 
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ciency ofoxigenfor the total combustion, thechar^ 
coal alone burns, thehidrogen resumes its elasticity ^ 
which its combination with the charcoal had caused 
it to lose, and the 'volume of the gases is dilated : 
it is then a mixture of carbonic acid and hidrogen, 
which burns blue like the carboneus gas, biit whichy 
after washing with lime-water, is diminished and 
leaves a residue of pure hidrogen. 

I shall not offer the simple testimony of the ex- 
periments, the details of which I have published, 
but Cruikshank has observed, as well as me, that 
the dilated gases, obtained by the methods pointed 
outj gave a quantity of carbonic acid correspon- 
ding to that of the carbon which it still retained 
in a great proportion, although he did not draw the 
necessary consequence from it, that this gas is 
analogous to that which he called gazeous oxide 
of carbon. 

In every known circumstance, it isthe hidrogen, 
particularly when it is in a considerable proportion, 
which first undergoes combustion, unless it forms 
a triple combination : Crwikshank precipitated 
charcoal from the defiant gas by the oxigenated 
muriatic gas, which also produced the combustion, 
of the hidrogen more easily than that of the char- 
coal : it is thus that the sulphurated hidrogen gas 
and also the phosphorated, abandon part of the 
sulphur and the phosphorus in an incomplete com- 
bustion, or by the action of an insufficient quan- 
tity of oxigenated muriatic acid. 

The authors of the Memoir which I have cj[uoted 

VOL. ir. F themselves 
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themselves relate an experiment whose result is 
diametrically apposite to the first, without any rea- 
son for this difference being perceptible in the cir- 
cumstances : they passed an equal quantity of hi- 
drogen gas and of their carbonous gas through a 
red-hot tub^, and assert that the latter deposited its 
charcoal on the interior of the tube : it is true 
Theodore de Saussure has shown^ that they were 
deceived in this respect*, 

283. 2d. When common charcoal is submitted to 
distillation, at the commencement only a little car- 
bonic acid and a small quantity of water are disen- 
gaged ; after this a great quantity of inflammable 
gas is obtained, of which, the first portions give 
much more carbonic acid, by detonations with 
oxigen gas, than those which follow, and which 
form the greatest part of the whole quantity. This 
latter gas does not give more than a tenth of its 
volume of carbonic acid ; by the products of its 
detonation it is found that 100 cubic inches 
(1981.45 cubic centimeters) contain 0.104 gr. 
of carbon and 0.208 of hidrogen, which is not 
equivalent to its specific gravity : here then is 
a gas in which a proportion of oxigen and hidro- 
gen proper to form water must be admitted, that 
the results of its analysis may correspond with its 
specific gravity. 

. I make use in this place of numbers determined 
by experiments which I have repeated Avith care, 
but I do not mean to be understood that tliere are 

• Journ. de Phys. Brum. An. XI. 

no 
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lio differences in this resj)ect in different charcoals, 
or that circumstances, difficult to appreciate, may 
not cause a variation in the results. 
' Common charcoal is doubtless composed of car- 
bon and hidrogen, since nearly at fourth of its 
weight of an inflammable gas is obtained from it, 
in which the properties of the hidrogen predomi- 
nate; this hidrogen cannot proceed from the 
water, for whenever water is decomposed, a pro- 
portionate quantity of carbonic acid is formed ; 
now only a very small quantity of carbonic acid 
is obtained from the distillation of charcoal, which 
is disengaged at the commencement of the opera- 
tion : it cannot be supposed that the oxigen of 
the decomposed water is retained by the charcoal, 
for . considering the great quantity of hidrogen 
which predominates in the disengaged gas, and 
the great proportion of oxigen which enters into 
the composition of water^ charcoal, urged by a 
strong fire, could be scarcely any thing but con- 
densed oxigen ; it must at least have properties 
which would be very different from those of com- 
mon charcoal, whereas there is only a difference 
which is naturally accounted for by a smaller pro- 
portion of hidrogen: besides, we have seen that 
the existence of hidrogen in charcoal, strongly 
calcined, is capable of direct proof. 

Charcoal not calcined, on the contrary, con- 
tains a certain proportion pf oxigen which enters 
into the formation of the oxi-carburated hidrogen 
obtained from it, and it appears to me natural to 

F 2 attribute 
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attribute the separation of the hidrogen to its affi** 
nity for ox i gen, so that when the oxigen is ex- 
hausted in the charcoal, or at least when only a 
very small quantity remainst the heat ceases to 
disengage the inflammable gas, and in this respect 
the charcoals will be found to differ from each 
other. 

In the actual state of our knowledge, it cannot 
be decided whether the small quantity of water 
and of carbonic acid disengaged at the commence- 
ment of the distillation are a new production, or 
whether they existed in the charcoaU because this 
has the property of condensing a certain quanti^ 
of all the gases (273). 

Cruikshank attributed to the inflammable ga^ 
obtained from charcoal, a specific gravity nearly 
equal to half that of atmospheric air : it is obvious, 
from the quantity of carbonic acid which he ob^ 
tained from its combustion, and which amounted 
to more than 40 parts in 100, that it was that ob* 
tained at the commencement of the distillation 
which he experimented upon: he thence conclud- 
ed that it was a carburated hidrogen gas; but it is 
easy to be satisfied that the quantity of carbon iin 
dicated by that of the carbonic acid, and the pro- 
portion of hidrogen necessary to saturate the oxi- 
gen gas which he employed, are not sufficient to 
occasion the specific gravity of this gas, and that 
nearly thelialf of its weight must be sought for ia 
some foKcign substance, which is necessarily a pro- 
portion of oxigen and hidrogen capable of forming 

water, 
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water, so that it results from Iiis own analysis 
that this gas must be placed among the osi-car- 
burated hidrogens. 

Here then is another inflaminable gas, in which, 
in my opiuiou, the existence ot'hidrogen and oxi- 
gen with carbon cannot be denied. 

284. 3d. Oxi-carhurated hidrogen gas is pro- 
duced when the carbonic acid which is retained in 
a combination is decomposed on urging it by a 
strong fire with charcoal, aUo strongly calcined, 
or when a metallic oxide, or a sulphate, or finally 
any substance which only yields its oxigcn at a 
high temperature, is treated in the same manner. 

The carbonate of barites which is capable of re- 
sisting the action of heat, is decomposed when it 
is exposed to the action of fire in a plumbago cru- 
cible, as was observed by Hope; Pelletier pro- 
duced this decomposition by the mixture of a little 
charcoal: he ascertained that instead of carbonic 
acid, it was oxi-carhurated hidrogen gas that was 
disengaged. 

^ carbonate treated with a very oxidable metal 
also produces oxi-carburated hidrogen. 

Carbonic acid which is kept in contact with 
red-hot charcoal is also changed into oxi-carhu- 
rated hidrogen gas- 
Such are the principal facts on which the two 
opinions under discussion are formed. 

It is asserted that the inflammable gas which I 

call oxi-carburated differs from carbonic acid 

only by a greater proportion of carbon ; I am of 

opinion 
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perfectly analogous to tnine, except in a single 
expv'i inient which I shall explain. He abo as- 
certained th'dt charcoal strongly calcined con- 
tained hidrogen. There is therefore only this 
difference hetween his opinion and mine« that from 
his ohjcct being the overthrow of Priestley's 
doctrine, he did not think it necessary to take the 
hidrogen into the explanation of the propeities of 
the gas he had discovered, although he admitted 
its existence in it and that he took the name of 
the gas only from its two other component parts : 
for my own part, I do not attach much importance 
to this difference of nomenclature. 

In the experiment in which Cavendish did not 
get water by detonating the gas he obtained, and 
which alone can occasion any difficulty, because 
it is single in experiments of this description, that 
h to say, those in which the gas furnishes a great 
quantity of carbonic acid, which does not permit 
the effective appearance of water, I am of opinion 
that the water which really forms, is not apparent, 
because its quantity is only equal to what can bq 
held in solution in the carbonic acid, and this 
opinion is founded on all the reasons by which { 
think I have proved that charcoal strongly cal-r 
cined contains hidrogen, and that this hidrogen 
produces the water, which is rendered latent in the 
carbonic acid. 

By this single modification in the opinion of 
Cruikshank, the gas which does not give water 
by its combu9tioa is assimilated to all the other 

ga$es 
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gases of this species* in which his experiments 
likewise prove the existence of hidrogen, and no 
other difference is perceptible between them but 
what may be attributed tp the smaller proportion 
of hidrogen. 

386. Let us inquire what are the consequences 
of the composition of the inflammable gas, when 
the hidrogen is entirely excluded from it, and 
when its formation and properties are accounted 
for by the sole difference in the proportions of the 
charcoal and the oxigen. 

From the analysis of thb gas it is concluded that 
it is formed of 53 ponderable parts of charcoal, 
and 47 of oxigen, and in this hypothesis the . 
charcoal miist be considered as being absolutely 
deprived of hidrogen. We may observe in the 
first place that the charcoal is very fixed, and 
consequently shows but little disposition to take ' 
the elastic state. 

To avoid all the influence of hidrogen, it is 
stated that carbonic acid is composed of exactly 
28 ponderable parts of carbon and 72 of oxigen: 
vhence it follows that 100 parts of oxigen gas 
combined with 39 parts of carbon yield • carbonic 
acid, whose specific gravity is nearly one-third 
greater than that of oxigen ; that in this state it 
qai^ form another combination, in which the 100 
parts of oxigen are united to 112 parts of char- 
coal ; that consequently the carbonic acid is 
enabled, by means of heat, to overcome the re- 
sistance it miust encounter from the fixity peculiar 

to 
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10 73 parts of the charcoal. The oxigengas which, 
hy its conversion into carbonic acid, had taken a 
specific gravity proportionate to the quantity of 
carbon combined with it, acquires, from its com- 
biijation with nearly twice as much of the fixed 
substance, a specific lightness whicli is not only 
greater than that of carbonic acid, but also than 
that of oxigen gas. 

Thus the carbon combines, in the first instance, 
with tlie oxigen gas, without sensibly changing 
its dimensions, by those peculiar to itself, when 
it is not retained in the solid staj:e by the recipro- 
cal action of its molecuiit ; a much greater speci- 
fic gravity is the result, and thus far the general 
character of combinations is preserved ; a double 
quantity of carbon is now added to this combina- 
tion, and it not only destroys the first effect, that 
is to say, tbc increase of the specific gravity, but 
it gives it a specific lightness greater than that of 
the oxigen gas. 

It has been said that the caloric might produce 
this dilatation so contrary to every idea which 
can be formed from every combination known; 
let^ us therefore examine this effect, with regard to 
rtie action of the caloric : in the combination of 
39 parts of carbon with 100 of oxigen, a great 
quantity of caloric is eliminated, and allows i 
greater condensation in the parts of the gazeous 
fluid ; it must afterwards exercise an action en- 
tirely opposite to the first ; it must give the" 
gazeous state to 73 parts of carbon, which resists 
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its action completely when it is insulated, and 
besiirles this, it must exercise so powerful an action 
on the combination, that its molecules are kept at 
a greater respective distance than even those of 
the lightest of its two elements : the first result of 
the irregular action attributed to the caloric would 
be diametrically opposite to that which it would 
produce in the continuation of the same combina- 
tion, and iti the same condition of temperature : the 
force which produces combination, and which is 
universally acknowledged to be an attraction, 
tcndittgto approximate the particles which under- 
go the combination, in this case would be changed 
into repialston^ 

The difficuUissi resulting from the comparison 
of the specific gravities would become also more 
irreconcilable, if Desormes and Clement had 
established the calculation of the parts which com- 
pose the oxi-carburated hidrogen gas, by accurate 
experiments; for 100 measures of that which they 
employed, constantly gives from 96 to 100 mea- 
sures, by its combustion, while they say they only 
obtained about 80. 

They would be furtherincreased if the dilatations 
whichthecarburated hidrogen gas experiences from 
the action of the electric spark, were taken into 
tbe consideration* (Note XX.) 

9A1' ^th. In the direct combustion of charcoal; 
effects are observed which correspond exactly 
with those I have just discussed, according to the 
proportion of ox-igen which can combine with the 

carbon, 
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carbon, and according to the circumstances which 
can occasion the introduction of hidrogen into 
the combination, so that, they are capable, by 
their correspondence, of elucidating the explana- 
tion of each other. 

If common charcoal is burnt in a sufficient 
quantity of oxigen gas, water and carbonic acid 
are formed ; if the charcoal has been strongly 
calcined, the water is only perceived at the 
commencement of the combustion, but it disap- 
pears, it is dissolved in (he carbonic acid in the 
course of the operation : it considerably exceeds 
the quantity which produces l^ygrometric pheno* 
mena, but it is also incapable of contributing to 
them, since, supposing the oxigen gas to be satur- 
ated with humidity, the carbonic acid gas which 
results from it, and which nearly equals its volume^ 
could not abandon the hygrometric water until 
it was reduced to a temperature inferior to that 
which the oxigen gas had possessed (172). 

When the quantity of oxigen gas is only receiv- 
ed by successive portions, as when it is passed 
over strongly calcined charcoal in a red-hot tube, 
accprding to the experiment of Hassenfratz which 
I have quoted, the phenomena vary according to 
the temperature, yet the production of water is 
always perceived at the commencement of the ope- 
ration, notwithstanding the elevation of tempera- 
ture which should cause it to disappear: this 
water cannot arise from the charcoal, because it 
had before experienced a degree of heat incom- 
parably 
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ore considerable ; it must tjierefore have 

^ ^ lied by the combination of oxigen with 
art of the hidrogen which was least strongly 

.lined by the charcoal, and is an incontestable 
p ,>roof of the existence of hidrogen in charcoal 
strongly calcined. 

After this, if the temperature is a little raised, 
much carbonic acid is formed, and a little oxi- 
carburated hidrogen gas : it is obvious, that at 
this period of the operation, the charcoal yields 
carbon with more facility ; but if the heat is 
stronger very little carbonic acid, and much oxi- 
carburated hidrogen are, on the contrary, obtain- 
ed : how can the temperature cause this differ- 
ence ? It appears to me that it is a natural effect of 
the action by which heat augments the elastic dis- 
position of the hidrogen which is retained in the 
charcoal, and whose existence can no longer be 
disputed, so that by the concurrence of heat with 
the affinity of the oxigen, the hidrogen quits the 
charcoal or enters with it into a gazeous combina-^ 
tion ; if there is too Httle oxigen to produce the 
water and the carbonic acid, oxi-carburated hidro* 
gen is principally produced ; a ternary combina- 
tion is formed instead of two binary ones. 

The reduction of the oxides by charcoal offers 
similar phenomena ; for, as was justly observed 
by Cruikshank, those of the oxides which can be 
reduced with facility, and consequently at a tem- 
perature but little raised,. form much carbonic 
acid; on the contrary, those which require ad 

elevated 
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elevated temperature, yield only oxi-carburated 
hiilrogen, or very little carbonic acid, and when 
the two gases are produced in certain proportions, 
thegreatest quantity of carbonic acid is obtained 
at the commencement of tlie operation, and towards 
the end the proportion of oxi-carburated hidrogen 
increases, as has been already shown by Wood- 
house. 

Carbonic acid may be changed into oxi-car- 
burated hidrogen gas, either by the action of char- 
coal when a carbonate is treated with charcoal, or 
by causing the carbonic acid to pass through red- 
hot charcoal ; it experiences a similar change if 
at an elevated heat it is placed in contact with a 
metalwhichhas the property of decomposing water; 
but there is one difference in tiie result. In the 
first case, according to the observation of Clement 
and Desormes, it acquires a vokinie more thaa 
double ; but if iron is employed, it appears from the 
experiments of Cruikshank, that no dilatation is 
produced : in the one case, the hidrogen of the 
charcoal, and the water contained in tbe carbo- 
nic acid seem to concur in the production of the 
oxi-carburated hidrogen gas; in the other, the 
water which was retained by the carbonate con- 
tributes alone to the change which is effected, by 
yielding its oxigen to the metal and its hidrogen 
to the carbonic acid, which also yields part of its 
axigen to the metal. 

If either carburated hidrogen or oxi-carburated 
hidrogen is detonated with a sufficient proportioa 

of 
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of oxigen gas, two combinations, whose elements 
are in the state of the greatest condensation, are 
formed, ^vater and carbonic acid, which are insu^ 
lated and separated by means of the properties 
which belong to the state they have acquired ; but 
if there is not a sufficient quantity of oxigen to 
produce these two combinations, the mutual affi-' 
nity existing between the carbon, the hidrogen, and 
the oxigen, retains them in a single combination, 
in which the obstacle they reciprocally oppose 
prevents them from experiencing so great a con^ 
traction as in the water and carbonic acid. - 

288. Such is the general principle from which 
may be deduced the various phenomena which 
have been observed in the decomposition of car- 
bonic acid, of the sulphates, and of the oxides, by 
charcoal, and in the formation and decomposition 
of oxi-carburated hidrogen : In every caseinwhich 
the proportion of oj^igen is too small to pr&ducc 
water and carbonic acidy with the carbon and 
hidrogeUj a ternary combination is established^ 
which is the osi-carburated hidrogen^ the proper'- 
tions of whose elements may vary according to the 
circumstances in which it is formed. 

If the carbonic acid, or any other oxigenated 
substance is ready formed^ the same circumstances 
which would have given rise immediately to oxi- 
carburated hidrogen^ produce it by means of these 
combinations ; hut it is reduced into water and 
carbonic acid, when it can acquire a sufficient 
proportion of oj^igen. 

The 
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The conditions necessary to the formation of 
oxi-carburated hid rogen will often occur in com- 
bustion. In fact, when charcoal is urged by fire in 
a furnace, and the current of air is not very consi- 
derable, a great quantity of gas is disengaged which 
burns by the contact of atmospheric air, and yields 
a flame whose blue colour proves that it is oxi* 
carburated gas. This blue flame is often seen iu 
the combustion of wood when it is not brisk ; in 
fine, when the stream from a blow-pipe is directed 
on the flame of a lamp or candle, the impelled air 
begins by forming oxi-carburated hidrogen, which 
afterwards burn's of a blue colour; and from this 
arise the reductive effects obtained by plunging the 
body experimented on into the interior flame, that 
is to say, into the oxi-carburated gas, and the 
contrary effects of the oxidation produced by the 
exterior flame, by means of the high temperature^ 
and the free contact of the air. 

Carbon and hidrogen can therefore form two 
species of combination, one in which the carboii 
predominates, and which isflxed, and the other 
in which the hidrogen is superior, to which it then 
owes its gazeous state. 

Oxlgen can produce a ternary combination with 
these two first elements ; it is found in charc?)al,. 
but only in a small proportion ; it can form a 
gazeous combination and enter into it in a much 
larger proportion ; this is the oxi-carburated hi- 
drogen gas^ and although the hidrogen can 
only exist in it in a small qnantity, it is the most 

efficacious 
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efficacious cause of its elastic state, and of its 
specific lightness. 

I am of opinion that tlie existence of this gas is 
proved, principally ; 1st, because a similar one 
can be composed by combining a certain propor- 
tion of oxigen with carbnrated hidrogcn gas, and, 
because that obtained from urging chiircojl by 
file is also of this species. 

2d. Because the most powerfally calcined char- 
coal contains hidrogen, and no effect of this 
element Is to be found so energetic, if it is not 
admitted that it passes into tiie oxi-carburated 
hidrogen gas which is formed by its means. 

3d. Because the specific lightness of oxi-car- 
burated hidrogen gas cannot be reconciled with 
the supposition that it is only composed of carbon 
and oxigen, and which requires that the oxigen, 
after having experienced a contraction in the 
formation of the carbonic acid, shall follow a 
course, so opposite, that the combination resulting 
from a much more considerable addition of a solid 
and scarcely expansive element, will become spe- 
cifically lighter than that of its elements, which are 
naturally very light, and have a great disposition to 
elasticity, while the accession of hidrogen gives a 
natural explanation of this lightness. ■ ■' 

Thus, this supposition is contrary to every thing-- 
which observation teaches us with respect to the 
other gazeous combinations, in which there is not 
any one known M'hich acquires less specific 
gravity than the iiglitest of its elements : it is 
. VOL, II. G subversive 
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a lens on phosphorus placed in hidrogen gas; which 
seems to prove that by directing heat in that man- 
ner on such substances, diflferent effects may be 
obtained, as is observed in the reduction of metal- 
lic oxides by hidrogen gas (Note XIX.) ; but 
according to the Dutch chemists, carbonated hi- 
drogen gas may produce sulphurated hidrogen. It 
appears that in their experiment the charcoal was 
abandoned by the hidrogen, for the sulphur took a 
black colour ; nevertheless it should be repeated 
with care to determine the nature of the gas which 
is formed ; it is not probable that it is sulphurated 
hidrogen alone, for the properties of charcoal an- 
nounce that it has a much stronger affinity with 
hidrogen than sulphur has, but it may be a gas 
whose composition is yet unknown. 

Sulphurated hidrogen is formed in many other 
circumstances :* in some» heat causes condensed 
hidrogen to take the elastic state at the same time 
with the sulphur; in others, an affinity which 
tends to deprive the hidrogen of the substance 
with which it was combined, concurs with that of 
the sulphur. 

It is formed in the first manner when sulphur h 
urged by fire with charcoal, sugar, oil, and other 
substances containing hidrogen, which com- 
bines immediately with it. 

Sulphurated hidrogen is produced in the se- 
cond mode, on decomposing water by the action 
of an acid on a metallic sulphuret: it is also, ob- 
tained by urging the hidro-sulphurets and hidro- 

genatcd 
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genated sulphurets, in which it was previously 
formed by the decomposition of the water, by fire, 
or by decomposing them by an acid which does not 
easily yield its oxigen, as is the case with concen- 
trated nitric acid, which decomposes the sulphu- 
rated hidrogen, instead of disengaging it. 

We are indebted to Gengembre, not only for 
the knowledge of the composition of sulphurated 
hidrogen, and that of phosphurated hidrogen 
which he discovered*, but also for the correct ex- 
planation of its formation, when it is owing to the 
decomposition of water ; he has shown that while 
its hidrogen forms a gazeous combination with the 
sulphur or phosphorus, a corresponding quantity 
of sulphuric or phosphoric acid is produced which 
enters into combination with part of the alkaline 
base: it is by this means that the hidrogenated 
sulphurets, which we shall presently examine, are 
formed. 

There is therefore this difference between the 
disengagement of sulphurated hidrogen by means 
of a metallic sulphuret, or by the decomposition 
of a hi dro- sulphuret, or an hidrogenated sulphuret, 
that, in the first case, the sulphurated hidrogen is 
disengaged as it is produced, and that, in the se- 
cond, it was formed, and held in combination be- 
fore taking the elastic state. 

Sulphurated hidrogen gas has a specific gravity 
which, according to Kirwan, is to that of air, as 

* Mem. dcs SavkDti etrangen. Tom. X. A second Memoir ii 
inpvbUiiiHi. 




R6 ^rUTUAL COirrBIKATIOKS OF 



10.000 to 9.038: Thenard found that 100 parts con- 
tained 70.8o7 ot sulphur, and S9. 143 of hidrogen* ; 
but these valuations suppose that the gas always 
has the same composition. 

290. Sulphurated hidrogen reddens the tincture 
of turnsole ; it combines with the alkaline bases^ 
and forms hidro-sulphurets with them, some of 
li hich are capable of crystallizing : 1 have only 
noticedf the cr^staUization of hidro-suiphuret of 
barites; Vauquelin has described ;{: t) at of the 
bidro-sulphuret of soda, and it is probable that 
others Mill be observed. Sulphurated hidrogen 
therefore possesses the properties of the acids; 
J am not, however, certain if its power is sufficiently 
energetic to produce the neutral state with the 
alkaline bases. 

Sulphureous acid gas combined with water k 
not changed by contact of oxigen gas or atmos- 
pheric air, it only dissolves iu them in the ratio of 
their comparative quantity. Sulphurated hidrogen 
gas is also not decomposed by oxigen gas, which 
only dissolves it and divides it with the water, as 
we have just seen in tlie sulphureous acid. 

This is not the case M'hen this gas is combined 
in a hidro-sulphuret : then it does not oppose 
the resistance of its elasticity to the oxigen gas^ 
and in the state of condensation in which it i^ 
found it acts on it in a greater mass, in the sam^ 

• Ann. de Chim. Tom. XXXII, 
t Ihid. Tom. XXV. 
t Jbid, Tom. XXIU 
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way as takes place.with the oxigen in nitric acid, 
and in oxigenated muriatic acid ; the action of 
its base is added to its own« as in the sulphites ; it 
therefore changes into sulphureous acid ; but as th6 
hidrogen combines much more readily with the 
oxigen than the sulphur, there is, in this first 
change, a difference from the manner in which 
the sulphites pass to the state of sulphates : the 
dieconiposition begins with the hidrogen, and the 
hidro-sulphuret, which was at first without colour, 
takes a yellow tinge, and becomes a hidrogenated 
sulphuret : if the hidro-sulphuret had been pre- 
pared with great care, no sulphur is deposited 
when it is decomposed by an acid, the sulphurated 
hidrogen only exhales from it ; but when it has 
become yellow by the contact of air, and has. be- 
gan to take the character of an hidrogenated sul- 
phuret, the liquid is rendered turbid by an inde- 
composable acid, and a deposition of sulphur 
takes place ; which proves that in reality the hi- 
drogen which held the sulphur in solution had 
partly entered into combination wth the oxigen 
before the sulphureous acid was formed. 

When an hidro-sulphuret or an hidrogenated 
sulphuret diluted with much water has been left 
some time exposed to the air, an indecomposable 
acid also causes it to emit vapours of sulphureous 
acid, and experiment proves that no sulphuric 
acid is formed ; this arises from the same cause as 
that which influences the sulphur, at a tempera* 
ture not ^sufficiently ^elevttted, to yield only sul- 
phureous 
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phureous*acid, but no sulphuric acid : this limita- 
tion of the action of sulphur must include all the 
circumstances in which it enters into combination 
with oxigen, with but little energy. 

If the oxigen passes from a combination in 
which it was strongly concentrated, so that it 
need not experience a new condensation to form 
sulphuric acid, or that it can act with a consider* 
able mass, it causes the sulphur to pass imme« 
diately to the state of sulphuric acid : thus when 
sulphur is acidified by nitric acid, sulphuric acid 
is immediately formed ; when it is decomposed by 
a nitrate, it is also sulphuric acid which is pro- 
duced, both for this reason, and because the ca« 
loric which is disengaged produces a high tempe« 
rature. 

It has been seen that the oxigen of the at- 
mosphere begins by combining with the hidrogen 
of an hidro-suiphuret; this combination is like- 
wise much quicker and much easier when the 
oxigen itself is in a state of condensation ; it can, 
jn that case, decompose the sulphurated hidrogen 
though it be not condensed ; hence it arises that 
the sulphureous acid decomposes sulphurated hidro- 
gen; the sulphur of the sulphureous acid, and 
that of the sulphurated hidrogen are precipitated 
in this decomposition, nevertheless the action of 
the water which holds the two gases in solution 
prevents the mutual decomposition from being 
complete : nitric acid and nitrous gas, for the 
saoie reason, decompQ$e sulphurated hidrogen ; 

^ the 
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the oxigenated muriatic acid sliows the successive 
forniiition of water and sulphuric aciti by the com- 
bination of lii(Jroa;en and stilphur; for when poured 
in a small cjuaiif ity into a sohition of sulphurated 
hidrogeii, or of an hidroEjenated sulphuret, it at 
first precipitates sulphur ; but when it is used in a 
eufficitni quantity, it immediately converts all the 
sulphurated hidrogeu into water and sulphuric 
acid. 

The action of sulphureous acid on. sulphurated 
hidrogen, in the decompositioti of an hidro- 
sulphuret, or an hidrogenated sulphuret, ofiers a 
circumstance worthy of being noticed : wlien one 
of these combinations has been left some time ex- 
posed to the air, an acid renders it turbid imme- 
diately, but the vapours of sulphureous acid gas 
are not disengaged from it until after some mo- 
ments, because while any sulphurated hidtogeu 
exists, tlie sulphureous acid which is set at liberty, 
and which is in contact with it, is itself decompo- 
sed and destroyed, so that only what remains su- 
perabundant can exhale. 

Sulphurated hidrogen, therefore, by its combi- 
nation with an alkaline base, acquires the property 
of subduing oxigen gas, hut it passes into the 
state of sulphureous acid : if the oxigen itself is 
condensed, it forms sulphuric acid immediately. 

No combination of sulphur and charcoal is yet 

known: when sulphur is treated with charcoal, 

even strongly calcined, a takes a portion of its 

Jiidrogen from it, and forms sulphurated hidrogen. 

Lampadius, 
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remainder of the gas had lost the property of in« 
flamiDg at the temperature of the atmosphere ; but 
Raimond is of opinion* that it is entirely dissolved 
in water deprived of air ; that it requires a little 
more than four parts of water to dissolve one of 
gas ; that this solution is decomposed by contact 
of air, and that a small quantity of phosphorus 
precipitates, which, without doubt, is a little 
oxided ; but that it remains unchanged when it 
does not experience the action of air. 
, Gengembre remarked that phosphurated hidro- 
gen gas was only partly inflammable by the simple 
contact of air, when formed without the assistance 
of heat : Kirwan also observed that sulphurated hi- 
drogen gas was only partly soluble in water ; and 
that it differed in this respect, according to the 
process, and particularly according to the tempe* 
rature employed: Chaptal, the son, ascertained 
the influence of heat on the properties of both 
gases, at the moment of their productiop, and he 
proved that by treating phosphorus with an alka- 
line solution, at a degree of heat sufficiently ele- 
vated, a phosphurated hidrogen gas was obtained,, 
inflammable at a low temperature; that witli a less 
degree of heat the gas was not inflammable, ex- 
cept at a much more elevated temperature, and 
that either species might be produced at pleasure 
by varying the degree of heat : he also observed 
that the sulphurated hidrogen gas obtained at a 

• Aim. de Chimt Tom. XX^^V, 

low 
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low temperature was only partly soluble in water; 
but when produced by a higher temperature it dis- 
solved in a muchgreaterquantity, so that a greater 
proporti<)n of sulphur gives the sulphurated hidro- 
gen more solubility in water, and phosphurated 
hidrogen, from the same cause, becomes more 
inflammable, and probably more soluble in water. 

Sulphur does not seem to decompose water, even 
at a high temperature, unless by the assistance of 
other affinities: phosphorus placed in water, at a 
low temperature, decomposes it, but this decom- 
position only takes place by means of the double 
combination which is formed : on the one side the 
water is charged with phosphurated hidrogen, and 
then possesses all the properties of that which has 
been impregnated with this gas; on the other the 
phosphorus combines with theoxigen of the water, 
whence it arises that its surface whitens, and 
when the water is saturated with phosphurated hi- 
drogen, to a certain point, the decomposition 
stop3 ; but the oxidation may proceed further by 
the aid of light. 

fi92. Sulphur and phosphorus combine together 
in different proportions, as was shown by Pelle- 
tier: one character of these combinations is to be 
much more disposed to liquidity than t!ie com- 
ponent substances ; that formed of equal parts of 
tlie two substances remains liquid to 4* Reaum.* ; 
30 that the mutual action of the two substances is 
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or distilled water. Phosphorus increases the di* 
inensions of the azote in which it is dissolved : I 
have estimated this dilatation at nearly lAy of the 
volume of the azote gas (251). 

Phosphorus acts otherwise with oxigen gas ; be- 
cause having a stronger affinity for it, it does not 
dissolve in it, at a low temperature, but it absorbs 
it exactly in the same hianner as sulphuric acid, 
instead of dissolving in humid air, notwithstand^ 
ing its tension, attracts the humidity of the air 
(245). This oxidation is not only made at the 
expense of the oxigen with which it is in con 
tact, or which is in solution in the water, but also 
by the decomposition of the water, as has been 
observed before, if oxigen, less strongly combined, 
does not satisfy the action of the phosphorus. 
This oxide of phosphorus is also formed when its 
combustion cannot be completed, and then it is 
red : there generally remains some of this red oxide 
after the combustion of phosphorus. It is not 
known what proportion of oxigen the phosphorus 
can take in this state, or what is the difference in 
this respect between that which is most oxided and 
phosphoreous acid : it is probable that the inter- 
val between their compositions is but smalk 

When the temperature approaches the twentieth 
degree of Reaumer's thermometer, the oxigen gas 
becomes luminous, the phosphorus burns, and 
phosphoreous acid is formed ; finally, when the 
temperature is raised nearly to 30** the deflagration 
becomes much more vivid, the combustion is 

more 
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more complete, and the acid approaches much 
nearer to the state of saturatioD, in respect of 
the oxigen. 

The combination begins at a lower temperature 
in atmospheric air than in oxigen gas, because 
the azote dissolves a part of the phosphorus wliich 
then burns immediately ; the heat which results 
gradually raises the temperature, and by that 
means the immediate combustion succeeds to the 
first : it is to avoid this second combustion, and 
to convert the phosphorus tranquilly into phos- 
phoreous acid, that Sage, and particularly Pelle- 
tier, contrived their apparatuses, in which the ac- 
cess of air being rendered difficult, its action on 
the divided phosphorus cannot be sufficiently 
brisk to raise the temperature to the degree neces- 
sary for the direct inflammation ; so that it is ef- 
fected by the intermedium of azote ; on this de- 
pends the peculiar property of phosphorus of be- 
ing capable of combustion with more facility in 
atmospheric air than in oxigen gas : it is from 
this indirect combustion that the white vapours 
arise which precede the deflagration of phospho- 
rus placed in atmospheric air. 

294. When phosphoratedhidrogengasiuflames, 
it is with the phosphorus, which opposes little re- 
sistance by its elasticity, that the combustion 
commences, when it is in a sufficient proportion, 
although the hidrogen shows a superior affinity, 
not only by tlie state of saturation which it 
produces, but also by the accidents of the cc»n- 

vot. II. H bustioo.i 
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bastion ; for if there is not a Sufficiency of oxigen 
to produce both combinations, the water is formed 
in preference, and a portion of phosphorus is pre* 
cipitated ; nevertheless it is probably then in the 
state of oxide : the phosphorus is also precipitated 
when a solution of phosphurated hidrogen is de- 
composed by an insufficient quantity of oxige* 
nated muriatic acid. 

The properties of sulphurated hidrogen ind 
phosphurated hidrogen prove that sulphur and 
phosphorus have great analogy with carbon ; ne- 
vertheless they appear to have a much weaker af- 
finity for hidrogen, for they can be easily separated 
from it, while insulated charcoal always retains it 
in combination, and the hidrogen readily permits a 
part to precipitate during combustion, while this 
effect is not observed with carburated hidrogen, 
unless there is a great proportion of carbon, and 
even in this case it retains a portion in precipi* 
tating (281). 

It is probable that charcoal is indebted to this 
more powerful affinity, for the property of forming 
a gas composed of three elements, and of entering 
into vegetable and animal substances, which are 
for the most part compounds of different propor- 
tions of the same tttlM^substances; nevertheless it 
must not be considbi^ias proved that oxi-sulphu* 
rated and oxi-phosphurated hidrogen s are not 
formed in some circumstances : Gengembre even 
reports that when successive portions of phosphu- 
rated hidrogen gas are burnt, the last yield a green 

flame, 
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flame, wliicli seems to announce a different compo- 
sition.. 

295. The stronger affinity of pbospliorus for 
oxigen, which will be more particularly establish- 
ed in the following chapter, explains the differences 
which distinguish the properties of the phosphu- 
rated and sulphurated hldrogen gases, as combus- 
tibles, but they have another distinctive character; 
sulphurated hidrogen combines with the alkalis 
like the acids themselves, and by that gives rise to 
the hidro-sulphurets ; when it is formed by the 
action of water on the suJphurets, it remains in 
combination, and produces hidrogenated sul- 
phurets. 

Phosphorated hidrogen, on the contrary, has 
so little action on the alkalis, that its own elasti- 
city is sufficient to prevent it from forming a com- 
bination with them : hence there are no hidro- 
pbosphurets or hidrogenated phosphurets, analo- 
gous to the hidro-sulphurets and hidrogenated 
sulphurcts, but the gas is disengaged as the phos- 
phurated hidrogen is produced. 

The rationale of this difference is to be found in 
the properties of thesulphurand phosphorus them- 
selves ; sulphur has a strong atfinity for the alka- 
lis, and, agreeably to theicmark of Kirwan, might 
he assimilated with the acids, if it was not naturally 
in the concrete state; phosphorus, on the contrary, 
has but little action on the alkalis, and hitherto 
only the combiuation it forms with lime, which is 
very weak, and that, still doubtful, with ammo- 
H 2 nia, 



SOB 




100 or OXIOEHABLS SUBSTAltetB. 

nia, have been recognized ; it is therefore natural 
that the properties found in sulphurated hidrogen 
and phosphurated hidrogen, which are produced 
by an affinity without much energy, should be 
derived from an element which gives them its dis- 
positions^ The base which ha3 the most inflamma- 
bility gives the most of it to the gas which it com« 
poses, and that which has a greater disposition to 
acidity communicates the most of it to the gas de^ 
rived from it: both may produce compounds 
much more variable in their proportions than those 
which they form with oxigen, because their affi- 
nity for hidrogen being much weaker, their combi- 
nation with the latter does not produce a conden* 
aation which can occasion an interval between the 
proportions which may unite : these combinations 
retain their predominant affinity for oxigen, which 
decomposes them either directly^ or by quitting 
another substance: then the elementary affinities 
replace the resulting affinity of the compounds ; 
the base is acidified, and the hidrogen produces 
wftter. 
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SECTION n. 



Of Binary Acids considered with Respect to their 
Composition. 



Of tke Sulphureous, and Sulphuric ; Phospkoreout^ 
and Phosphoric Acids. 

29ff. All the acids follow the same laws of 
combination while they experience no change in 
their composition^ oriu the constitution which is 
peculiar to them : we have, principally, employed 
the series of phenomena which they offer in this 
respect, to determine the laws of combination 
(Sect. II. Part I.), whose effects we must after- 
wards discriminate in the more complicated phe- 
nomena: but such of the acids as are capable of 
varying in their elements, receive particular pro- 
perties according to the number and to the propor- 
tion of these elements, and the proportion is de- 
pendent on the forces which tend to form or to 
destroy the combination : we shall now compare 
the acids under these relations of composition. 

The 
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The muriatic and fluoric acids are the only ones 
among those known which are immutable in their 
composition : the fluoric, which seems to be the 
most powerful of the acids, has hitherto been little 
examined by chemists ; but every thing known of 
it obUges us to consider it as a simple substance : 
with respect to the muriatic acid, its natural pro- 
duction, which seems generally to accompany 
that of the nitric acid, and some other circum- 
stances, show a state of composition in it ; but it 
is not the less true that in all the known effects, 
except a very small number of instances, still 
doubtful, it does not experience decomposition, 
and consiequently, in the explanation of nearly all 
the phenomena in which it participates, it is in- 
different whether it is a simple or a compound sub- 
stance. 

The boracic acid has also been considered as a 
dimple substance ; but some chemists are of opi- 
nion that they have decomposed it, and it has 
been announced that Fabroni has determined its 
elements, and that he found that it owed its aci- 
dity to muriatic acid : till this philosopher has 
published his experiments we still considier the 
action of this acid in its known effects as thsit of 
a simple substance. 

All the bther acids owe their acidity to oxigen : 
no other exceptions can yet be shown but that of 
sulphurated hidrogen, which has the characteriistic 
properties of the acids without containing oxigen, 
and that of the Prussic acid i but, I^t^ sulphurated 

hidrogen 
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hidrogen seems to owe its acid properties to tlie 
sulphur in which the force of cohesion rendered 
them latent (295), and its predominant properties 
assign it a different class from that of the acids ; 
2d, Prussic acid has peculiar properties which do 
not permit its being blended with the acids. 

The compound acids may be distinguished from 
each other, not only by the number of the elements, 
but also by the properties which some of th^m 
possess, of being capable of taking different 
proportions, and, by that means, acquiring 
different properties connected with these propor- 
tions ; while there are some which can only form 
one acid combination, and whose elements pass into 
combinations of a different character when the re« 
suiting affinity is superseded by the elementary 
affinities. 

In this section I |)urpose to examine such of the 
acids as are composed of only two elements ; to 
seek the origin of their properties in tho$e of the 
substances which enter into their composition ; to 
follow them into the combinations which they 
form; and to determine the differences which 
characterise them, when they experience changes 
in their proportions. 

The binary acids, whose composition is well 
known, are the phosphoric, the phosphoreous, the 
sulphuric, the sulphureous, the nitric, the nitrous, 
the oxigjenated muriatic, and the carbonic. There 
' are also metallic acids whose composition is analo* 
£QUS to tluit of t;he preceding ; but I have brought 

the 
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the properties of metals and their xnodificatiotis 
into the same section : I have already described 
tfie principal properties of carbonic acid ; I have 
also, in difiPerent parts of this work, examined the 
formation and the properties of the phosphoric, 
phosphoreousj sulphuric, and sulphureous acids ; 
nevertheless I shall bring into one point of view 
the variations which they undergo in their compo* 
sition ; the changes of constitution which are the 
consequence of them; the relations which are 
found between their properties and those of their 
elements, and the combinations which they form 
with different bases. 

S97- Phosphorus and sulphur, which serine as 
the bases of the phosphoric and sulphuric acids, 
difier little in their natural dispositions ; they have 
nearly the same specific gravity ; phosphorus is 
volatilised in a small quantity, with water which 
is at the degree of ebullition ; but, without the aid 
oftfae aqueous vapours, it requires, according to 
the observation of Pelletier, SSS"" of Reaumur's 
thermometer, which differs but little from the de- 
gree at which sulphur itself is reduced into va- 
pours, so that in these respects sulphur and phos- 
phorus do not offer any differences which can have 
a material influence on the properties of their com- 
pounds ; the force of cohesion of sulphur also dif- 
fers too little from that of phosphorus to be ca- 
pable of explaining the difference of their inflam- 
mability; besides, when sulphur is brought into 
fusion, it ako sbow« a great inferiority in the 

energy 
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mergy with which it combineB with oxigen. It 
is therefore in their comparative affiuity for oxigeii 
that the cause of their difference (18S), as well as 
that of the combinations which they form withhl- 
drogen, will be found : phosphorus exercises a niucli 
stronger action on oxigen than sulpiiur, as is 
proved by its greater combustibility, and by the 
proportion of oxigen whicli it can take ; from this 
stronger action the oxigen is much more condens- 
ed in phosphoric acid than in sulphuric acid, and 
the base itself experiences a greater condensation : 
hence it arises that sulphuric acid retains a portion 
of volatility at a certain degree of heat, while phos- 
phoric acid supports a strong fire, allows the ex- 
halation of all the water with which it was united, 
and is reduced into a vitriform substance rather 
than volatilize; so that this compound of two sub- 
stances, of which one is very volatile, and the 
other is so in a certain degree, in consequence of 
the condensation which results from their mutual 
action, is much more fixed than a similar combi- 
nation in which the most volatile element is found 
in a smaller quantity. Hence also it arises that 
the phosphoric acid can maintain itself much bet- 
ter than the sulphuric acid, when it is supported 
by the resulting action of a base (184), and on 
this difference are founded the processes employed 
either to abstract the phosphorus from phosphates, 
or to decompose the sulphates. 

298. Although the phosphoric acid retains oxi- 
gen ijiuch more powerfully than sulphuric acid, it 
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is nevertheless decomposed when it is submitted to 
a great heat with charcoal, while the other escapes 
its action ; so that only a very small part can be 
converted into sulphureous acid : this difference 
depends on the weaker condensation of the sulphu- 
ric acid, which is volatilized before the tempera- 
ture is sufficiently raised ; the phosphoric acid, 
on the contrary, will reach a temperature at which 
it yields its oxigen to the carbon, which forms a 
volatile acid with it ; at the same time it retains a 
part of the charcoal in solution, and the hidrogen 
of the latter combines with a portion of the phos- 
phorus, and forms phosphurated hidrogen gas : if 
the phosphoric acid is combined with a quantity of 
a fixed alkali sufficient to form a neutral salt, the 
resulting force of the combination, added to the 
affinity of the oxigen for the phosphorus, puts 
it in a state to resist the action of the charcoal, so 
that this is unable to decompose it. The phospho- 
ric acid is therefore taken in its insulated state, or 
combined with ammonia, which can be separated 
from it by heat, or a portion of the base of phos- 
phate of lime, is abstracted by means of sulphu- 
ric acid, so as to reduce it to the state of acidulous 
phosphate, and then all the portion of acid which 
exceeds the neutral state may be decomposed by 
charcoal, and gives phosphorus; the rest re« 
mains in thestate of phosphate of lime : the phos* 
phoric acid which is combined with a metallic 
oxide may also be decomposed^ if the oxide, 
as that of lead, is not in (he number of those whicl^ 

retain 
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retain the oxigen strongly, because then the char- 
coal directs its action not only on the phosphoric 
acid, but also on the oxide, and besides the metal 
tends to combine with the phosphorus, and to re- 
main in the state of phosphuret (Note XIII). 

Although charcoal decomposes phosphoric acid, 
phosphorus has the property of decomposing car- 
bonic acid in other circumstances, as is shown by 
the curious experiments ofTennant and Pearson^ ; 
this is a striking example of the reciprocal decom- 
positions, of which it is so difficult to deduce the 
exact consequences relative to the affinity of these 
substances, because different circumstances change 
the state of thei forces which produce these effects. 
If I compare the quantity of oxigen with which 
carbon combines in carbonic acid„ with that of 
the phosphorus retained in phosphoric acid ; if I 
observe that notwithstanding the greater propor- 
tion of oxigen, carbonic acid saturates a less quaii^ 
tity of an alkaline base, it seems to me indubitable 
that the first exercises a much more powerful affi- 
nity on the oxigen than phosphorus; but when 
this decomposes carbonic acid, the carbon retakes 
the hidrogen with which it has a powerful affinity; 
in this state it combines with the phosphorus, 
for which it has also an affinity ; the action which 
the alkaline base exercises on the phosphoric acid 
concurs with the other affinities, so that the de- 
composition of the carbonic acid is the effect of 
^veral causes combined. 

* Phibs. Trans. 1791. Ann. de China. Tom. XIII. 

la 
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In the sulphates, the resulting force of the com- 
bination is not sufficient to maintain the sulphuric 
acid against the action of the charcoal ; but ac- 
cording to the affinity of the base, the force of 
cohesion of the sulphate, and the degree of tem- 
perature required for its decomposition, carbonic 
acid gas and oxi^carburated hidrogen gas are pro- 
duced, and the sulphur remains in combination 
with the alkali ; so that the sulphuric acid which 
was preserved from decomposition by its volati- 
lity, shows, in this case, the inferiority of its af* 
finity for oxigen. 

S99' The phosphoreous and sulphureous acids 
have been compared ; but I think this comparison 
inaccurate to a certain extent ; the sulphureous 
acid has fixed proportions, and consequently a de- 
terminate constitution, at least the differences ob- 
served in it may be considered as doubtful, and 
of little consequence; but the phosphoreous acid 
has only one term of combination which can be 
considered as constant, that in which it is found 
when it is formed by the intervention of azote gas; 
since its constitution differs but little from that of 
phosphoric acid, and as there is no sensible inter* 
val to distinguish them, it appears to me probable 
that phosphoreous acid may, by a gradual oxigena« 
tion, acquire the state of phosphoric acid. 

Phosphoreous acid retains a stronger action on 
oxigen than the sulphureous acid ; it is even ca** 
pable of decomposing water in the manner of a 
phosphuret (29 1 ) ; for by submit^g it to ebul« 

I litiou 
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lition, phosphurated hidrogen is disengaged : the 
acid which results from the direct combustion 
approaches nearer to a state of saturation as the 
deflagration has been more brisk, and it may be 
completed in a sufficient space of time by the 
simple contact of the air ; nevertheless the acid is 
seldom obtained, at once, in this state of satura- 
tion, and when it is boiled* it continues to throw 
out luminous jets; but when condensed oxigen is 
employed to combine with the phosphorus, as in 
Lavoisier's process, in which it is formed by means 
of nitric acid, or in that of Pelletier, in which a 
current of oxigenated muriatic gas is directed into 
phosphorus in fusion under water, or when, ac- 
cording to Fourcroy, phosphorus is burnt in oxi- 
genated muriatic gas, phosphoric acid is formed 
immediately. 

Although sulphuric acid is more easily decom- 
posed, as well as all its states of combination, 
there is, nevertheless, an interruption to this effect, 
when the substances which act on it have taken 
that portion of oxigen which makes the difference 
between the sulphuric and sulphureous acids : the 
caloric disengaged during this new combination, 
or that employed in the operation, restores the 
oxigen to the state in which it is capable of consti- 
tuting sulphureous acid ; this, which owes its vo- 
latility to this state of the oxigen, escapes from 
the chemical action which requires au interval of 
time for its operation, particularly when it is aU 
ready weakened, so that the decomposition of the 
sulphureoiu 
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sulphureous acid is stopped, although the opposite 
force which remains may be sufficient to accom- 
plish it (191). 

On account of its stronger action on oxigen, 
phosphorus is capable of decomposing sulphuric 
acid, by depriving it of its oxigen, particularly 
when its force of cohesion is diminished by means 
of heat; but the sulphuric acid is reduced into 
sulphureous acid, and at this term the decompo- 
sition ceasesy because the heat augments the 
elasticity of the sulphureous acid, which is an 
obstacle to this combination, and, in the cold, 
the force of cohesion of the phosphorus is equally 
an opposing force to it, so that phosphorus itself 
cannot decompose sulphureous acid, according 
to the observation of Fourcroy and Vauquelin* ; 
but this effect is not owing to a superior affinity 
in the oxigen for the sulphur, and it may be 
conjectured that phosphoreous acid, which would 
not experience an obstacle from the cohesion, may 
effi^ct the decomposition of the sulphureous acid, 
whose elasticity would not be increased by the 
heat. 

Sulphureous acid containing the oxigen in a 
state of moderate dilatation, preserves more of 
the acid properties in proportion to the quantity 
of oxigen; but it retains the oxigen much less 
than the sulphuric acid, although there is a greater 
proportion of sulphur in it, so that some sub- 

* Joum. de TEcole Polyt^ch. No..4. p, 449. 
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Stances, such as sulphurated hidrogen, and some 
of the metals, can deprive it of it, by precipi- 
tating the sulphur, and the condensed oxigea 
easily converts it into sulphuric acid (181, 
182). 

300. This conversion of sulphureous acid into 
sulphuric acid by condensed oxigen is effected 
with much more facility than by the elevation of 
the temperature. I have found that by passing 
sulphureous gas mixed with oxigen gas, through 
a red-hot tube, it did not experience any change, 
because then the oxigen gas also acquires a dila- 
tation which opposes the combination. Never- 
theless if the heat was sufficiently raised, and 
equal to that necessary for the immediate pro- 
duction of sulphuric acid, it does not appear 
doubtful to me that the sulphureous acid would 
be then changed into sulphuric acid. 

IJidrogen gas acts more efficaciously on sul- 
phureous gas with which it is passed through a 
red-hot tube : it decomposes it on account of the 
stronger affinity of the hidrogen for the oxigen. 

When the sulphites are exposed to the air, tbe 
■action of the base, which tends to condense the 
elements of the acid, favours the formation of 
sulphuric acid, and by means of this circumstance, 
the proportions in which the oxigen and sulphur 
exercise the strongest reciprocal action, may be 
established ; the elastic effort of the sulphureous 

|*cid which is opposed to it being diminished, it 
is enabled to saturate itself with oxigen, and to 
absorb 
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absorb that of the atmosphere^ iidtil it has passed 
into the state of sulphuric acid : the sulphites 
change therefore into sulphates; the force, or 
the quantity of the acidity is not changed by 
this, but tlie effects of the condensation are be- 
come much greater; nevertheless the insoluble 
sulphites admit of this effect with difficulty, be- 
cause of the force of cohesion which is opposed 
to it. 

Although phosphorus exercises a stronger action 
on oxigen, the phosphites, exposed to the air, are 
changed with much difficulty into phosphates, 
according to the observation of Fourcroy and 
Vauquelin, which apppears to me to depend on 
the phosphoreous acid experiencing but little 
condensation in passing to the state of phos« 
phoric acid, so that the saturation produced in 
the phosphites by the base, instead of disposing 
them, by a weak combination, to combine with 
a greater quantity of oxigen, becomes a more 
powerful obstacle by the cohesion ; for, without 
the action of the base, the phosphoreous acid 
would be converted into phosphoric acid. 

301. Thtis, the distinctive properties of 
phosphoric acid and sulphuric acid, as well as 
the greater part of those of phosphurated hidro- 
gen and sulphurated hidrogen (895), depend on 
the stronger action exercised by the oxigen on 
the phosphorus; on the greater proportion of 
oxigen which the latter can fix; and, on the 
greater condensation which results from it WheA 

the 
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the sulphur has been able lo receive all the action 
of thfe oxigen, its combination experiences a con- 
densation which also gives to it a certain fixity ; 
but this effect is conformable to the energy of 
the forces which are less powerful than those 
which produce the phosphoric acid. When there 
is only a certain proportion of oxigen the re- 
ciprocal action of the two elements produces a 
weaker effect, and a less considerable conden- 
sation; the sulphureous acid retains an elastic 
disposition which constitutes its principal diffe- 
rences, either from the sulphuric acid, or from 
the phosphoreous and phosphoric acids. The 
affinity resulting from the alkaline bases supports 
the combinations (184), but likewise with more 
force in the phosphates and^^phosphites than in 
the sulphates and sulphites. 



CHAP. 11. ft 

Of the Nitric Acid and its Modificati'ons. 

302. The combination of azote and oxigen, which 
forms the nitric acid, being produced from two sub- 
stances which have nearly the same specific gra- 
vity, and the same disposition to elasticity, and 
which do not exercise a very energetic recipro- 
cal action, is capable of receiving different pro- 
ve l. ii. I portions, 
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portions, from whence several distinct comblna^' 
tions result, which, themselves, have the property 
of disuniting, or of forming other mixed combi- 
nations. From this arises a great variety of sub- 
stances, and of changes of state, which render 
the history of nitric acid difficult to trace : the 
nomenclature by which its different states are 
indicated, necessarily participates in this obscurity 
of ideas, and the difficulty is increased because 
the combinations, the properties of nitric acid, 
and its numerous applications, have given rise to 
a multitude of experiments, some of which are 
contradictory. In tracing the modifications of 
this acid and their properties, I shall not, there- 
fore, flatter myself with collecting all the results 
which are interesting, in the present state of our 
knowledge, by their importance in the production 
and explanation of chemical phenomena. 

Priestley made a great number of experiments 
on nitrous gas, whose properties I shall first de- 
scribe. It had been discovered that nitric acid 
contained a considerable proportion of oxigen ; 
lAvoisier had established that by mixing oxigen 
gas and nitrous gas, the composition of which he 
had not determined, nitric acid was produced, 
which induced him to consider nitrous gas and 
oxigen gas as the two elements of this acid, and 
he had endeavoured to determine the proportions : 
but it was the celebrated Cavendish who made 
known the composition of nitric acid, and, con- 
sequently, that of nitrous gas, by forming this 

acid 



J 



IT! MOCIFICATIOITS. 115 

acid by a continued action of the electric spark 
on a mixture of oxigen gas and azote gas* ; since 
then, our ideas of the composition of this gas 
and the different combinations of its elements 
have been fixed, although the limits which sepa- 
rate them, and the properties which characterize 
each species of the compound, are not yet wholly 
free from obscurity. 

According to Kirwan, the specific gravity of 
nitrous gas is 54, that of oxigen gas being 50; 
and, according to Davy, it is only 50, oxigen 
gas being 51. Although there is this small diffe- 
rence, it results from thence that oxigen gas and 
azote gas only experience a weak condensation 
by combining, whence it may be concluded that 
the decomposition of nitrous gas, and its transi- 
tion to other states of combination, will not 
experience a great obstacle in the common cir- 
cumstances. 

Nitrous gas dissolves in water, as has been re- - 
marked by Priestley ; Cavendish also noticed this 
absorption, and determined its influence in eu- 
diometric experiments^ ; he found that distilled 
water produced a greater diminution in nitrous 
gas, than that which had already been used to 
confine it ; that water which had been in contact 
with oxigen gas for a week, absorbed much more 
than that which had been kept during the same 

• Philos, Trans. 1785. 
t Ibid. 1783. 
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spaceof time with azote gas : to this absorption 
he attributed the diminution observed on agr- 
tatiiig nitrous gas with the purest azote gas. 

From this it is manifest that it is only to the 
oxigen gas which is in solution in common water, 
and of which distilled water is not deprived, as is 
proved by its property of rendering phosphurated 
azote luminous (Sps), that the slight acidity it 
acquires by long agitation with a considerable 
quantity of nitrous gas is owing, and that the 
great difference observed by Cavendish between 
water which had been kept with oxigen gas, and 
that which had remained with azote gas, proceeds 
from this oxigen ; but water has not the property 
of decomposing nitrous gas, as was believed by 
myself and other chemists, and the great absorp- 
tions observed by Priestley should be attributed 
to the proportions of water and gas on which he 
experimented, 

Davy, to whom we are indebted for some pro- 
found researches on the nitric acid and its modi- 
fications*, says, that 100 measures of pure water, 
which has been boiled, can absorb 11.8 of nitrous 
gas ; that it does not then acquire any taste, 
and does not redden vegetable blues ; that if it 
contains salts with an earthy base, it absorbs less; 
that it also takes a smaller quantity, if it holds 
carbonic acid, or any other gas in solution ; and 
that at the temperature of boiling water, nitrous 

■ Beseaiches, Cbemical and Pbilosophical, &c. Bibl^Hrit. 
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gas cannot remain united with water ; whence it 
may be concluded that the action of water can 
only shghtly weaken the elasticity of this gas, 
and a small increase of it will be sufficient to 
produce their entire separation. 

Nitrous gas dissolves easily and abundantly in 
nitric acid, which passes from blue to green, and 
to orange, according to the proportion of gas and 
that of water; when it is concentrated it reaches as 
far as the rutilant state, so that the gas can com- 
bine in a quantity so much the greater, as that of 
the water united to the nitric acid is less, and, that 
water added to a rutilating nitrous acid drives off 
the nitrous gas in proportion to its quantity; 
nevertheless it can only exclude it in part. Ac- 
cording to Davy, 100 parts of yellow acid contain 
S.75 of nitrous gas ; the specific gravity of the 
acid dimiaislies, and the caloric is disengaged 
during the combination: hence it results, 1st. 
tliat it is the nitric acid which tends to combine 
with the nitrous gas, and that the action of the 
water must be considered as opposed to this com- 
bination; 2d. that the quantity of nitrous gas 
which can combine being limited by that of the 
water, the acid produced by the combination of 
nitrous gas and oxigen gas will retain a variable 
quantity of nitrouft gas according to the quantity 
of water employed in the operation, and unques- 
tionably according to the temperature. 

When the acid holding the nitrous gas in solu- 
tion is exposed to atmospheric air, it absorbs 
Qxigen, 
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oxigen, according to the observation of the Dutch 
chemists* ; after that the alkalis do not disengage 
nitrous gas, so that it is changed into nitric acid; 
the nitrites seem also to have this property. 

The alkahs, and also all the substances which 
exercise a brisk action on nitric acid, drive off 
the nitrous gas at first, because they have but 
little affinity with it, and the combination which 
they form has still less : heat acts in the same 
manner, because nitrous gas is much more ex- 
pansible than nitric acid, whose solvent power is 
110 longer sufficient to retain it. 

503. Nitrous gas not only dissolves in nitric 
acid, but it is seen by some experiments of 
Priestley, that when its quantity is sufficient, its 
affinity gives such an increase to the force of the 
natural tension of the acid, that it can reduce 
it wholly into gas: this gazeous solution, which 
retains the rutilating colour must be distinguished 
from nitrous gas ; it forms what was called by 
Priestley nitrous vapour, and it may be immedi- 
ately obtained from nitrous gas and oxigen gas; 
but many variations are found in the compo- 
sition of nitrous vapour. 

When nitrous gas is mixed with oxigen gas 
over mercury, the mixture becomes rutilant, and 
its volume experiences only a slight diminution ; 
this is nitrous vapour ; but if the operation is per- 

• Rccher. iur quelques prop, de I'acide nitreux, jDnrn. de 

Vm Uoas. 
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formed over water, suitable proportions of the 
two gases are quickly absorbed, and form nitric 
acid : hence it may be concluded, as was observed 
by Humboldt t, that the action of water is 
essential to the completion of the combination 
of the azote and oxigen which form the nitric 
acid : without it the nitrous vapour produces 
only a gazeous combination, which is not limited 
to fixed proportions, but will vary according to 
the proportions of oxigen gas. 

When nitrate of pot-ash is decomposed by sul- 
phuric acid, the vapour which is disengaged at 
first is rutilant, as was observed by Priestley, 
afterwards the colour disappears, and it is again 
produced towards the end of the operation ; be- 
cause the action of the sulphuric acid on the 
base, and on the water, at first brings a portion 
of the nitric acid to a state similar to that of the 
preceding gas, which is formed by the mixture 
of nitrous gas and oxigen ; afterwards the heat 
volatilizes some water, which determines the 
composition of the nitric acid, which passes 
colourless in the distillation ; but towards the 
end, the water which could volatilize being 
cxjiausted, nitrous vapour is again formed, gnd 
the ruddy colour reappears 

When the action of a metal disengages nitrous 
gas, especially when this action is brisk, the gas 
carries with it in solution a certain proportion of 

t Ann.de Cbim, Tom.XXVIII. p. l32. I 
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nitric acid, and it also takes the ruddy colour : 
if it is passed through water it deposits this acid, 
which, in its turn, retains a portion of nitrous 
gas; but if it is received immediately over mer- 
cury, it retains the nitric acid, and forms also a 
nitrous vapour, so that it remains ruddy ; if it 
has taken a little water with it, it loses its colour 
at a low temperature, and recovers it by means 
of heat: when the vapour of water is passed into 
this ruddy gas, as was done by* Priestley, it be- 
comes discoloured. It is evident therefore, 1st, 
that nitric acid, in taking the gazeous form by 
the action of nitrous gas, loses its characteristic 
properties by the combination which it forms 
with it, and that it is changed into nitrous va- 
pour: 2d, that it is also changed into nitrous 
vapour when it is disengaged from nitrate of 
pot-ash by sulphuric acid : Sd, that the nitrous 
vapour can exist, either with an excess of oxigen, 
or with an excess of nitrous gas : if, in the first 
case, which is that of the distillation of nitric 
acid, it is passed through water, it is oxigen gas 
whiqh is disengaged ; in the second, it is nitrous 
gas; in both, it is the nitric acid which resumes 
the liquid state by means of the water, and which 
retains nitrous gas : by adding a small quantity 
of water, the nitrous vapour takes the constitution 
of nitric acid without, at first, losing the gazeous 
state ; but it requires a greater proportion, ac- 
cording as the temperature is more raised, either 
to maintain th^ citric ftcid ju the st^te of gas, or 

to 
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to render it liquid. When nitric acid is in the 
state of uncoloured gas, it may be rendered ruti- 
lant by an excess of nitrous gas, as was done 
by the Dutch chemists. 

These data seem to me to explain the numerous 
observations that Priestley made on nitrons va- 
pour, which must not be confounded with the 
combinations whose proportions are constant ; 
but which varies, as well as the products arising 
from it, according to the circumstances in which 
it is found. 

304. Nitrous gas dissolves easily, but in small 
quantity, in sulphuric acid; it gives it a purple 
brown colour, and is retained by it pretty strong- 
ly ; nitrous vapour with excess of nitrous gas dis- 
solves abundantly in this acid, and has the proper- 
ty, as was observed b}' Priestley, of formingcrystals 
with it at a temperature above that of the con- 
gelation of water. 

Nitrous gas dissolves in small quantity in muri- 
atic acid ; but this acid absorbs much nitrous va- 
pour, which, according to Priestley, gives it the 
properties of an excellent nitro-niuriatic acid, and 
which will actually form nitro-muriatic acid. 

Although the affinity which produces nitrous 
gas has little energy, as is shown by the weak 
condensation which its elements experience, it 
iievertheiessresistsits decomposition withconslder- 
ab!e force, as well as the sulphureous acid (:j()0), 
when the substance which exertiises its action on 
it, is in the gazeous state, and the elastic disposi- 
tion 
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tion of both is augmented by heat, or when it is a 
substance which opposes solidity to a new com- 
bination : thus nitrous gas is not decomposed 
when it is submitted to the action of the electric 
spark with hidrogen gas ; but Davy effected its 
combustion by submitting a mixture of nitrous 
gas, gazeous oxide of azote, and hidrogen gas, 
to the action of electricity ; then the combustion 
of the gazeous oxide of azote occasions that of the 
nitrous gas, as we have seen that by augmenting 
the proportion of oxigeii, or of hidrogen, the 
combustion of that, which from being in too 
small a proportion would have resisted the effect 
of the elasticity, is determined (249)- 

When nitrous gas is passed through a red-hot 
tube, even with a super-abundance of hidrogen 
gas, it does not experience decomposition : I have 
made the experiment with care, raising the heat 
as high as a glass tube coated with clay could bear 
it ; this corresponds with the inability of electri- 
city. 

In this case, therefore, the resulting affinity 
preserves its force, even when the dilatation ha« 
become much superior to the condensation which 
ia produced by the combination ; it is difficult to 
decompose the nitrous gas by hidrogen, and yet if 
there is a sufficient quantity of hidrogen with the 
oxigen and azote, neither nitrous gas, nor nitric 
acid are formed (266) ; but this maintenance of 
the resulting force is only found in substances 
whose elements have an equal dilatabillty, and the 
weakness 
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ireakness of the contraction of the oxigen and 
azote contributes to preserve their combination 
during the dilatation by the heat, so that from 
this circumstance, a resulting affinity which, as 
the following facts will prove, is weak, resists the 
opposing action of heat much more than that 
which, being more energetic, would have produced 
a greater condensation; nevertheless there can 
be no doubt that the decomposition of nitrous 
gas can be produced at a more elevated tempe- 
rature, since Davy eifected this decomposition by 
submitting a mixture of hidrogen gas, nitrosgas, 
and gazeous oxide of azote to electricity, which 
produced a sufficient elevation of temperature by 
its own combustion. 

Nitrous gas is also undecomposable by sulphur: 
I passed it through the vapours of sulphur in aheat- 
ed tube, without success, and Davy observed that 
inflamed sulphur is extinguished in it ; according 
to him, phosphorus cannot be inflamed in nitrous 
gas, but if it is introduced into it in a state of 
ignition it burns with nearly as much vivacity as 
in oxigen gas : this chemistlias decomposed nitrous 
gas by means of charcoal by bringing the focus of 
a burning glass upon it; by this means phosphorus 
inflames in it alone. 

Having passed nitrous gas through frag- 
ments of ignited charcoal placed in a tube, it 
gave rise to an inflammable gas of a p^iiticular 
species; 100 measures of this gas required for 
their combustion, 50 parts of oxigen gas ; they 
produced 
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produced 65 of carbonic acid, and the residue was 
0.45. 

This gas is analogous to the oxi-carburated 
hidrogen gas, and takes its rise in similar circum- 
stances ; nevertheless it differs from it by retaining 
a considerable proportion of the azote in combina- 
tion ; if this azote is abstracted, it requires a 
greater quantity of oxigen for its combustion; it 
burns with a white flame, while^the oxi-carburated 
gas gives a blue flame, even when it is mixed with 
azote gas. Perhaps greater differences may be 
found between their properties. Was it not this gas 
■wbichChaussIcrobtained by detonating three parts 
of nitre, or of nxigenated muriate of pot-ash, with 
one of charcoal*, and which Cruikshank obtained 
from the detonation of common gunpowder? 

Iron decomposes nitrous gas, even without the 
assistance of heat : the Dutch chemists found that 
after a certain space of time it was changed into 
gazeous oxide of azote, and that at the end of some 
days oqly azote gas remained; it is probable that 
the oxide of azote was absorbed by the water, as 
they have shown that this takes place on other 
occasions, but the azote annoiinces ^complete de- 
composition of a part of the gas ; Milner observed 
that by passing nitrous gas through a gun-barrel 
containing iron-61ings, and \vhich he had made 
red-hot, that a part of the gas experienced an 
entire decomposition, and that a part of it was 
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'converted into gazeous oxide of azote ; but that 
the latter, by again passing through the filings, 
was also decomposed; so that, in this way, the 
nitrous gas might be entirely reduced into azote 
gas*. 

From the preceding observations it may be 
concluded that nitrous gas is entirely decomposed 
by some substances, or by the aid of some circum- 
stances. There has been great variations on thi 
products of this decomposition. Lavoisier, who 
iirst attempted to elucidate this subject, concluded 
from his experiments, that nitrous gas was formed 
of alittlemorethan two parts, by weight, of oxi- 
gen, and one of azote, or nearly of two parts, in 
Volume, of the first, and one of the second : 
subsequent observations have proved that the 
proportion of oxigen in this valuation is too 
great. 

Van Marum, by decomposing nitrous gas, which 
yields its oxigen to a metal, by the electric spark, 
reduced its volume to 0.46, and the residue was 
azote gas ; but be observes that a powder of a. 
whitish yellow was formed, which must have 
contained a little acid, so that the proportion of 
oxigen is a little greater. 

On decomposing nitrous gas by a mixture of 
iron-filings and sulphur, with a small quantity of 
water, I had 0.44 for the residue, but a little 
ammonia must have been formed which diminished 
the residue. 

' Philos. Trans. 1789. 

Davy 
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Davy concluded from the results which 
obtained from the combustion of charcoal, from tl 
of phosphorus, and from the combustion of t 
mixture of gazeous oxide of azote andhidrogen gas, 
by electricity, that nitrous gas is composed of 44 
ponderable parts of azote, and 56 of oxigen : tliis 
valuation appears to me to be the most accurate 
approximation which has been obtained. 

305. Nitrous gas is absorbed by a solution of 
sulphate of iron which loses its transparency by 
it, and takes a blackish colour, as was first ob- 
served by Priestley. 

This property has become very useful for sepa- 
rating nitrous gas from the other gazeous sub- 
stances with which it may be blended : Humboldt 
was the first who employed it for this purpose ; but 
he concluded from his experiments that nitrous gas 
obtained by the usual methods, always contains a 
considerable proportion of azote gas, which he 
separated by this means : this quantity of azote 
gas is only to be attributed to the imperfection of 
the experiment, for having used suitable precau- 
tion, Ihadonly a residueof a37th, on submitting 
the nitrons gas obtained by the solution of copper, 
and which consequently was similar to that of ' 
Humboldt, to this test. 

Davy is of opinion that the red sulphate doesnot 
absorb the nitrous gas, and that in the common 
sulphate, it is only that which is in the state of 
green sulphate which effects the absorption, in 
conformity with the opinion of Proust ; but I have 
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passed nitrous gas into a very oxided sulphate, 
and it became black, nevertlieless the first portions 
of the nitrous gas do not produce a perceptible 
effect. The rutilant acid, poured in very small 
quantity into a solution of iron, gives it the same 
colour as nitrous gas: nitric acid does the same, 
but a much larger quantity of it is required, and 
when the effect is produced, lime diseugages ni- 
trous gas, so that it is the nitrous gas which pro- 
duces the phenomenon, though the immediate 
cause to which it is owing is not clearly perceived. 
According to Davy, the absorbed gas does not 
experience any alteration at alow temperature; 
but notwithstanding the observations which he has 
made on this subject, Vauquelin and Humboldt 
seem tome tohaveproved* thataramoniais imme- 
diately formed ; that consequently there is a de- 
composition of the water; and that, at the same 
time, apart of the nitrous gas is converted into 
nitric acid : as soon as the solution is impregnated 
with nitrous gas, ammonia may be disengaged by 
lime, and, on precipitating the iron by an alkali, a. 
nitrate is obtained : the decomposition therefore 
is commenced, but heat will further its progress. 
In fact, the nitrous gas is driven off by the heat, 
when the solution of iron has not been decomposed 
by an alkali, but all the quantity which was absorb- 
ed is not recovered, and what is obtained is mixed 
with azote gas. Vauquelin and Humboldt believed 

' Ann. de Chim. Tom, XXVIII. 
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that the azote had been absorbed, in that state, by 
the solution of iron, but it does not absorb azote: 
this manifestly arises from the decomposition which 
the nitrous gas has experienced. 

The green, orlittle oxided muriate of iron has 
also, according to the observation of Davy, the 
property of absorbing nitrous gas, and even more 
rapidly and more abundantly than the green sul- 
phate. % 

306. When the nitrous gas does not experience 
a complete decomposition by the action of an oxi- 
genable substance, it passes into another state of 
combination, and acquires a peculiar character ; it 
forms that gas which is one of Priestley's numerous 
discoveries, and which, with the Dutch chemists, 
who first analyzed it, I call gazeous oxide of azote, 
or oxide of azote gas*. 

The vivacity with which this gas supports com- 
bustion made it believed, for a long time, that it 
contained more oxigen than nitrous gas, and seem- 
ed tojustify the denomination of dephlogisticated 
nitrous gas, under which Priestley made it known, 
and which was changed into oxigenated nitrous 
gas : but the supposition on which this denomi- 
nation was established^ is not reconcileable with the 
action of the sulphurets and other oxigenable 
substances, which convert the nitrous gas into this 
species. 

Davy, to whom we are indebted for an impor- 
tant work on this gas, has caUed it nitrous oxide ; 

• Journ. de Phys. Tom* XLIII. 

but 
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but this deiwmi nation only distinguishes it ob- 
scurely from nitrous gas, to which it has, besides, 
been given by Fourcroy, whose scientific produc- 
tions are so widely dispersed, and have so great an 
authority in instruction : I see no reason for reject- 
ing the name chosen by the chemists who first 
made known the characteristic differences in the 
composition of this gas, and which is sufficiently 
calculated to designate them. 

Nitrous gas exposed to the action of iron and 
water, .of alkaline sulphufets, of non-oxided mu- 
riate of tin, of the sulphites of pot-ash, of sulphur- 
ated and phosphurated hidrogen gases, of ammonia 
and of copper, at first, experiences a diminution of 
Its volume, and when the diminution ceases, it is 
found to be converted into gazcous oxide of azote ; 
at the same time the substance which produces 
this change has received the oxigen, thus the 
sulphite of pot-ash is converted into a sulphate. 

The Dutch chemists say that by passing nitrous 
gas through the vapour of sulphur in a tube, it is 
converted into gazeous oxide of azote ; but, as 
I have already observed, I repeated this experi- 
ment without success ; according to Davy, liquid 
sulphureous acid does not produce any change in 
nitrous gas ; I have had a contrary result : a slight 
circumstance is sometimes saflScient to decide or to 
prevent its formation ; besides, it requires a 
greater or less length of time, so that it is easy to 
discover differences according to the niture of 
the observations. 

roL. ir. K Th« 
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Th6 Dutch chemists maintain that this gasls lihd 
sole result of the deepmposition of nitrous gas by 
substances which can carry off its oxigen, and they 
are of opinion that when there is a residue of azote 
it arises from a mixture of it in the gas submitted 
to experiment, and that the gazeous oxide of azote 
which was formed has been entirely absorbed by 
the water with which it was in contact : in this 
I differ from their opinion. 

In the experiment of which I have spoken (304), 
nitrous gas placed in contact with iron filings and 
sulphur was reduced to 0.44? of its volume ; the 
residue offered only the properties of azote gas : 
only the d ifference of the specific gravities is 
wanting to give the proportions of the elements of 
nitrous gas which have been determined by Davy: 
in this experiment therefore the nitrous gas was 
entirely decomposed, and the only remaining doubt 
is on the very small portion which n>akes the 
difference I have noticed ; and this is probably 
owing to a little ammonia which might have been 
formed. . 

The gazeous oxide of azote not only supports 
the light of a taper, but it also gives it a greater 
brilliancy, nearly similar to what is produced, by 
oxigen gas, and, in^like manner, a match recently 
extinguished rekindles in it with vivacity : char- 
coal, phosphorus, and sulphur do not burn in this 
gasji according to the Dutch chemists, and ignited 
charcoat is extinguished in it ; whence they 
concluded that this gas only burnt by the assist- 
ance 



hnce of thehidrogen contained in the combustible 
Isubstances, and by this they explained why it 
could not serve for respiration; into which carbon 
must enter in combination with oxigen ; but Davy 
has proved that the combustion of inflamed chat- 
coal continued in this gas with more vivacity 
than in atmospheric air; that sulphur, which 
yielded only a blue flame was extinguished in H, 
but when it was in a state of brisk combustion it 
continued to burn and took a vivid rose-coloured 
flame; that lighted phosphorus burnt in it with 
activity, as well as a fine wire terminated by a 
piece of ignited wood j that although it did not 
serve for the respiration of animals in which this 
Vital function cannot admit of a change, such as 
birds, it nevertheless supported the respiration of 
man, to a certain point, sometimes offering remark- 
able phenomena of excitation, and producing 
carbonic acid ; so that the opinion of the Dutch 
chemists in this respect cannot be maintained. 

The gazeous oxide of azote dissolves easily in 
water, as was observed by Priestley, and it is dis- 
engaged from it by ebullition without having 
experienced any change ; nevertheless its taste is 
slightly sweetened ; it does not change blue vege- 
table colours ; it does not experience any change 
by being mixed with oxigen gas or with^ nitrous 
gas ; the alkalis dissolved in water do not absorb 
a greater quantity of it than water, but Davy ob- 
served that they combined with it when they were^ 
kept in contact at the instar"^ ^ * "formation : 

Kg the 
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the method which he employed consisted in mix- 
ing dried pot- ash or soda with the sulphite, while 
it decomposed the nitrous gas. This combination 
dissolves in water; it does not appear to dissolve 
in alcohol ; it does not change the taste of alkalis ; 
the gazeous oxide is driven from it by the acids, 
and by a heat equal to 400^ Fahr. ; so that its 
properties show that it is very weak. 

When this gas is passed through an ignited 
tube it is decomposed, and the tube takes the 
colour of the nitrous vapour, which is, in fact, 
formed : when this vapour is absorbed, the residue 
has, very iieairly, the properties of atmospheric 
air, so that it may be supposed, without any sen- 
sible error, that it has the same proportions, and 
the dimenaions of the gas are but little diminished ; 
nevertheless the nitric acid which is formed only 
amounts, according to Davy, to two-tenths of its 
weight. 

Electric shocks also change the nature of this 
gas : according to the Dutch chemists, it loses a 
sixth of its volume, and the residue is also simi- 
lar to atmospheric air. 

They observed that if a mixture of hidrogen gas 
and gazeous oxide of azote is submitted to the 
action of electricity, a detonation takes place : if 
the operation is made with one part of hidrogea 
gas and three parts of the other gas, all the hidro- 
, gen disappears, and the residue has the properties 
of atmospheric air ; whence they conclude that 
30O parts of this gasxontain iO of oxigen more 

than 
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than an equal quantity of atmospheric, air ; but 
they were unable to carry their consequences fur- 
ther, because they Mere unacquainted with the 
specific gravity of the gazeous oxide of azote : 
they therefore consider the gazeous oxide of azote 
as occupying the last place in the series of sub- 
stances which arise from the decomposition of 
nitrous gas ; they depend on the stronger affinity 
which the hidrogen gas shows for the oxigen, 
compared with that of carbon, to explain the 
difference of its properties from those of nitrous 
gas. Davy has shown that this difference disap^'^ 
peared at a high temperature, and he has explained 
the different phenomena offered by this gas, par* 
ticularly in its formation and its decomposition, 
by the variations which he supposes in the mutual 
affinity of its elements, at different temperatures : 
but these alternate differences, which are supposed 
in the affinity of two elernents having nearly the 
same dispositions, and which are not derived 
from the general properties of similar substances, 
appear to me to be only a vague manner of repre- 
senting the results of observation. 

According to the experiments of this able 
chemist the specific gravity of gazeous oxide^of 
azote is to that of oxigen gas as 147 to 100, and 
on this datum and the results which he obtained 
from its decomposition by different means, but 
particularly by the decomposition by charcoal, 
he has determined that it is composed of 63 pon- 
derable paf ts of azot;e and 37 of oxigen, 

I have 
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I have also endeavoured to ascertain the spor 
cific gravity of this gas ; I employed excellent 
instruments, but my result is remote from that 
of Davy. I found the proportion with oxigen to 
be only as 123.5 to 100. Nevertheless a part of 
the gas was absorbed by boiled water, nearly to 
a twentieth, and I took into the estimate the cor- 
rection which this quantity requires : perhaps the 
gas is not constant in its composition. This dif* 
ference prevents me, at present, from adopting 
Davy's results without reserve. ' 

The method employed by the Dutch chemists 
to analyse this gas, by detonating three parts of 
it with one of hidrogen gas, seems to me the easiest 
and best calculated to make known its elements, 
•when its specific gravity is determined ; for the 
residue may be analysed with accuracy, and I 
think I have ascertained that there is not any 
acid formed in this operation, as stated by Davy : 
i)y making it over tincture of turnsole, its co- 
lour was not changed, even at the surface. 

This gas may be destroyed by a great propor- 
tion of oxigen, but it appeared to me, by one 
experiment, that the quantity of azote then pre- 
/ vtnted the entire combustion of the oxigen ; so 
that there remains a greater uncertainty than 
when the proportions indicated by the Dutch 
chemists are employed. 

307« According to these obsejvations, gazeous 
oxide of azote is a combination in which the 

oxigen is |q ^ smaller proportion than in nitrooiS^ 

•• • • '' » • ' . . 

gas. 
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gas, but it is more condensed, because it expe- 
riences a stronger action from the azote. 

It seems to me that these circumstances ac- 
count for the characteristic properties of this gas, 
which may be reduced to the two following 
heads. 

1 St. The oxigen being subjected to a more power- 
ful affinity than in the nitrous gas, it must oflFer 
more resistance to the action of the substances 
which tend to combine with it, while the consti^ 
tution of the gazeous oxide of azote is not excited 
to change ; in factj the gazeous oxide of azote 
neither burns charcoal, nor sulphur, nor even 
phosphorus which have not been raised to a high 
temperature : it cannot support respiration without 
difficulty, although the oxigen is in greater pro- 
portion in it than in atmospheric air : I have founds 
that it was not changed by the action of a mois- 
tened mixture of sulphur and iron-filings, to 
which I left it exposed for a long time, and which 
entirely decomposes nitrous gas : it is therefore 
certain that it resists decomposition at a low 
temperature much more than nitrous gas (304). . 

ad. When it experiences the action of heat, 

on the contrary, it is decomposed more .easily 

than nitrous-gas, because the expansion which is 

the effect of it tends to restore the two gases 

which compose it, and which are condensed in it, 

to their natural state, while this expansion has 

little effect on nitrous gas whose two elements are 

liot much condensedi: by it the elements of th^ 

gazeous 
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gazeous oxide of azote are divided ; one part re^ 
sumes the state of nitrous gas ; the other part is 
reduced into oxigen gas and azote gas, nearly in 
the proportions of atmospheric air : the continued 
action of electricity produces the same change, 
as well as in several other circumstances. 

If, consequently, heat or electricity join their 
action to that of an oxigenable substance, it will 
yield its oxigen more easily than nitrous gas, 
and, considering the quantity found in a similar 
volume, and the rapidity of its decomposition, 
it produces appearances which approach those of 
oxigen gas. 

308. Azote therefore offers two terms! of satu-? 
ration with oxigen, in which the condensation is 
more considerable than in the other degrees of 
saturation, as is remarked in several combinar 
tions (195). In one, the reciprocal saturation 
appears to produce a neutral state, this is the ga« 
2;eous oxide of azote : in the other the oxigeu 
predominates, and gives its characteristic pro- 
perties to nitric acid, but this requires the cpnr 
currence of the action of w^ter to be insulated. 

Between these two combinations are nitrous 
vapour and nitrous gas: the first may receive 
very variable proportions ; but has the nitrous 
gas constant proportions, or are there interme- 
diate states between the gazeous oxide of azote 
and it? I incline to the latter alternative, al* 
though the nitrous gas formed in different cir- 
cumstances, has appeared to me to have ^ sufi^- 

ciently 
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ciently uniform coitaposition, but it is more 
especially by means of decompositioii that it has 
seemed to experience variations in its elements. 

When the purest nitrous gas has been submit* 
ted to the action of alkaline sulphiirets, and after 
having made an essay of it with sulphate of iron, 
there is always a residue which is not soluble in 
water, and which consequently is not gazeous 
oxide of azote. The same nitrous gas which 
had yielded me a residue of only -jVwith sulphate 
of iron, gave one of -^ with sulphuret of pot-ash : 
one part of the gas must therefore experience a 
total decomposition, while another changes into 
gazeous oxide of azote. 

The total decomposition takes place when the 
moistened mixture of sulphur and iron-filings is 
employed, and when the nitrous gas is submitted 
to the action of electricity sufficiently prolonged, 
with the contact of ^ metal ; but can it be sup*- 
posed that in these circumstances each molecula 
of the nitrous gas yields successively all its oxi- 
gen and experiences at once a complete separa- 
tion ? It would be the same as to say that in a 
hygrometric substance, in a humid state, each 
hygrometric molecule yields successively all the 
water it held in solution, and passes from ex- 
treme humidity to the greatest drought ; or that 
in a heated body,, the caloric raises each mole- 
cula at once to the highest temperature. 

The observation of all chemical phenomena 
phQwS' that chemical action is progressive, until 
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it meets with obstacles which require its accu* 
niulation that it may be able to overcome them. - 
It appears to me therefore probable that the de-*" 
composition of nitrous gas is successive, as far as 
the period of the production of j^azeous oxide of 
azote, when the circumstances permit its forma-* 
tion: there it finds an interval which separates 
the nitrous gas from the gazeous oxide of azotet 
which takes a peculiar constitution ; if the force 
which decomposes the nitrous gas has sufficient 
energy, the gazeous oxide of azote cannot be 
formed ; but when It can receive its constitu-. 
tion, it maintains it against the causes which 
might have continued the decomposition of the 
nitrous gas, until this loses its advantages by an 
elevation of temperature. 

Priestley, and the Dutch chemists, who havei 
noticed the effect of iron-filings and sulphur on 
nitrous gas, think that the residue of azote which 
they obtained was already in the nitrous gas they 
made use of, so that the gazeous oxide of azote 
which is formed must have been entirely absorbed 
by the water with which it was in contact; con- 
sequently they do not distinguish the manner in 
which the sulphur and iron act, from that of the 
alkaline sulphurets : but, in the experiment which 
I have already mentioned, I used a nitrous gas 
which did not leave me any appreciable residue 
witli a solution of sulphate of iron, so that the re- 
sidue of 0.44 of azote which I had obtained must 
he attributetl to its decomposition alone : with^e-t 

specV 
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spect to the formation of gaseous oxide of azote, 
which did not take place in my experiment, I atr 
tribute the difference of our results to my having 
employed but a very Httle water in it; when 
the mixture of sulphur and of iron is diluted 
with a certain quantity of water, the intervention 
pf the water will render ity action on the gas 
weaker, and then this mixture can produce effects 
analogous to those of the alkaline sulphurets; 
there is, however, always a difference in thequaur 
tity of the residue, which is much mpre consir 
derable with the iron and sulphur, as may be asr 
certained by a comparison of the results of all the 
experiments that are described. The Dutch che-r 
mists estimate the residue at a fourth of the pri- 
mitive volume of nitrous ga3. 

The substances which produce gazeous oxide of 
azote also decompose the nitrous gas in part; hence 
it arises that a residue is found which exceeds that 

« 

obtained by dissolving nitrous gas with sulphate 
of iron. 

I also employed sulphate of iron to examine 
what passed at the commencement of the action 
of a sulphuret on nitrous gas ; I took the period 
at which it had experienced a diminution of near- 
ly a sixth of its volume : agitated with water, it 
experienced a slight diminution, so that gazeous 
pxide of azote was already formed ; after that it 
]eft a residue at least double that which the same 
gas would have given before the action of the sul- 
phuret, 

' . This 
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This immediate decomposition of nitrous gas 
will vary according to the energy of all the means 
employed, and according to the circumstances 
which favour it. 

309. When the metals decompose nitrous acid 
they produce nitrous gas, gazeous oxide of azote, 
or a mixture of the two, according to the energy 
which is peculiar to them, and also according to 
the circumstances which accompany their action: 
zinc and tin, which have the property of decom- 
posing water by the great action they exercise on 
the oxigen, produce only gazeous oxide, espe- 
cially when their action is not very brisk> and the 
«cid is diluted with a certain quantity of water; 
but when the acid is concentrated, the disengaged 
gas contains a small proportion of nitrous gas, par- 
ticularly with zinc : the Dutch chemists establish 
it as a general fact, that the metals which decom- 
pose water, form nitrous gas when the acid is very 
concentrated, and, on the contrary, give rise sto 
gazeous oxide of azote when the acid is mixed with 
a certain quantity of water: they are of opinion 
that the water is then decomposed by the metal, 
and that its hidrogen decomposes the nitrous gas 
to form water with a portion of its oxigen : this 
is to attribute two opposite effects, the composition 
and decomposition of water, to the same cause, and 
jn the same circumstances : besides I am convinced 
that, in the greatest state of concentration of the 
acid, it is still gazeous oxide of azote wjiich is form- 
ed, and if a small portion of nitrous g^s is disen- 

gage4 
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gaged at the same time, it seems to me to arise from 
this^that in the very brisk, and necessarily unequal 
action, a little nitrous gas is formed, which escapes : 
this vivacity of action produces also another efifect, 
the gazeous oxide of azote which is obtained is 
mixed with a greater or less proportion of azotes 
gas, which, on the contrary, proceeds from a 
portion of the nitric acid having been entirely 
decomposed. When therefore it is wished to obtain 
gazeous oxide of azote, in a state of purity, by 
means of zinc and tin, it is requisite to employ a 
weakened acid, that the action may be restricted 
to the regular production of this gas> and not 
furnish the water necessary to its composition : a 
part of the water is nevertheless decomposed by the 
same energetic action as produces the gazeous oxide 
of azote^ as is shown by the ammonia which al^ 
ways accompanies its formation : but these two 
productions are simultaneous. 

Iron produces nitrous gas and gazeous oxide of 
aasote, or rather a variable mixture of these two 
gases,, a^d it appears that it is its prqiortion and 
its state of division which more immediately deter- 
mine the nature oS the product ; the concentration 
of the acid seems to n^e to have much less influ- 
ence, and I have not found, as is asserted by the 
Dutch chemists, that nitrous ga» is obtained when 
the acid is very coxu^entrated. One method of 
obtaining a great quantity of gazeous oxide of 
azote, by the intermedium of iron, is to throw 
filings of the metal into a nitric solution of 

it; 
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it ; a brisk eflFervescence is quickly established ; it 
great quantity of gazeous oxide of azote is dis^ 
eugaged, and the iron passes to the state of black 
oxide. 

I do not know what is the cause of the energy 
with which the iron acts in this case, but a proof 
of it is, that there is at the same time a conside-* 
raUe production of ammonia. 

The other metals, such as bismuth, copper, lead, 
mercury, silver, yield, in every case, only nitrous: 
gas, and at the same time no production of ammo- 
nia is observed, even with bismuth, although it 
produces a brisk effervescence, whereas the first 
form a quantity which is sometimes considerable. 

310. It is evident that the gazeous oxide of 
azote may owe its origin ; 1st, to nitrous gas, 
when a substance is capable of carrying off part of 
its oxigen, without, however, exercising an action 
so brisk as to produce its total decomposition ; 2d^ 
to the immediate action of a metal on nitric acid, 
when the metal has sufficient power in itself to 
push the decomposition of the acid to the necessary 
term : then ammonia is always formed, which is 
fijso a product of the necessary degree of action- 
There is also another circumstance in which 
the gazeous oxide of azote is produced ; it is 
from the 'decomposition of nitrate of ammonia by 
heat, as I have shown long ago* j and it is in this 
manner that it is obtained for the experiments, 

* Mim. dQ TAcad. des Sciences, 1785. 

which 
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K^rhich areat present so much multiplied on the 
singular effects which are sometimes occasioned by 
respiring it: in this decomposition, the hidrogen of 
the ammonia combines with the excess of the oxigen 
of the nitric acid, and produces water : thus by aa 
effect of different circumstances there is a decom- 
position of water when this gas is formed by the 
action of metals on nitric acid^ and, in this case^ 
it is a consequence of the formation of water : it 
is thus that ammonia sometimes gives birth to 
nitrous gas, and, on the contrary, in other cir- 
cumstances arises from the decomposition of ni-« 
trous gas* : a new example of the circum^ectioii 
required in judging of the affinity of a substance 
by the products of an operation^ in which the 
chemical action is complicated with conditions 
which may modify its effects. 

Even the results of this operation, which have 
been analysed with much care by Davy, offer some 
variety according to the circumstances : if the 
decomposition is made too suddenly, the gas ob- 
tained is partly nitrous gas, as we have seen this 
effect take place when the metals decomposed 
nitric acid too rapidly ; and the circumstance 
which must be most particularly attended to, 
yhen it is wanted in a state of purity, is the tem- 
perature, which must only be sufficient for the 
decomposition of nitrate of ammonia. 

Sll. Nitrous gas, in combining with oxigen to 
reproduce nitric acid, requires proportions of oxi- 

* Seances des Ecoles Nonnales. 

^ gen 
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gen which vary greatly according to the circum- 
stances in which this combination is formed, and 
occasion the reproduced acid to be more or less 
removed from the state of nitric acid, or to con- 
tain more or less nitrous gas. 

Lavoisier, who had not paid attention to this 
difference, endeavoured to determine the propor- 
tions of oxigen and nitrous gas which combine to 
form nitric acid, and he concluded from his experi- 
ments, that the nitrous gas in it was to the oxigen 
as 69 to 40. From this has been deduced the pro- 
portion of oxigen which was absorbed by the nitrous 
gas, in the examination of the air with Fontana*s 
eudiometer, and Humboldt has endeavoured tQ 
bring the results to this term by deducting from 
the volume of the residue a quantity of azote gas 
which he supposed to be always mixed with ni- 
trous gas ; but this supposition is unfounded, since 
nitrous gas, prepared with sufficient care, is ab- 
sorbed nearly without residue, either by the sul- 
phate or by the oxigenated muriatic gas. 

Nevertheless Fontana and Ingenhouz have ob- 
served that a great number of circumstances might 
augment or diminish the effects of nitrous gas; 
and Cavendish has determined several of them 
with that precision which characterizes him (S,48j; 
I shall add here the result of some experiments 
which I have made on this subject. 

To make the combination of oxigen gis and 

nitrous gas, it is necessary to employ nitrous gas 

which has been so prepared that it could not mix 

with^ 
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•with atmospheric air, in order to guard against the 
effect which would result from this mixture ; the 
copper, which is the substance usually employed, 
must therefore be put with the acid into a flask, 
which must be completely filled with the liquid. 

When the nitrous gas is put first into the tube in 
which the mixture is made, there is a much more 
considerable absorption: 46 measures of nitrousgas 
mixed in this manner with 1 5 successive measures of 
oxigen gas left only two measures, and this residue 
being tried in Volta's eudiometer with hidrogen gas, 
detonated and left a resid ue which scarcely indicated 
one measure. This experiment also shows howun- 
founded isthesuppositionofa residueleft by nitrous 
gas; in this instance only the sixtieth part of the 
Volume of the two gases was obtained, a quantity 
so small as to be incapable of establishing any 
result : the oxigen gas must have contributed a 
small part of i t, and the water in which the operatioa 
was performed might have furnished the remainder, 
or nearly so : nitrous gas must therefore be con- 
sidered as combining entirely with oxigen gaa, 
wheu both are very pure; but their proportions 
may be varied by different circumstances. 

Twelve measures of oxigen gas, put first into 
the same vessel, absorbed only 24 of nitrous gas, 
so that in this instance, the acid which was 
formed contained less nitrous gas: these two 
experiments were made with a cylinder of consider- 
ablediameter: threeraeasures of oxigen gas put into 
the narrow tube which forms Fontana's eudiome- 
«ajj- 1 ter. 
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ter, absorbed only about five measures of nrtroiisgas-j 
consequently the same gases yield very diffierejit 
products according to the order in which they are 
introduced, and according to the capacity of the 
vessels in which the mixture is made ; the agitatiou 
which is employed and the temperature have also 
an influence on the result ; finally, the water made 
use of may occasion a variation, if it contains a car* 
"bonate, whose carbonic acid, as was noticed by 
Humboldt himself, by disengaging and combin- 
ing with the gazeous part, will increase the resi- 
due. 

If, instead of oxigen gas, a mixture of determinate 
proportions of azote gas and oxigen gas is made use 
of, it will be found that the quantities of nitrous 
gas will vary according to these proportions, so that 
it will require more of it when the azote gas is in a 
greater proportion, and nevertheless the diminu- 
tion of the volume compared with the quantity of 
the oxigen is so much the less : this is because the 
azote retains a portion of the nitrous gas and even 
of the oxigen gas, in the gazeous state, a quantity 
which increases its own. It is evident, therefore, 
how deceitful the inductions are which are drawn 
from the action of nitrous gas on atmospheric air, 
to determine the proportions of oxigeu gas found 
in it (248). 

The irregularity. in the effects of nitrous gas 

depend, 1st, on the acid which is formed retaining 

. inore or less nitrous gas in solution, according to 

.the circumstances ; Sd, on the gases which may be 

disengaged 
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disengaged from the water ; 3d, on the action by 
which the residue retains a portion of nitrous gas, 
and probably of oxigen gas. 

Notwithstanding these numerous causes of un- 
certainty, Davy employed the absorption of oxigen 
gas by riitrous gas to determine the composition of 
nitric acid ; but he examined the liquid* product, 
he valued the nitrous gas which it held in solution, 
iand by a laborious process which required all his 
accuracy, and all his patience, he succeeded in 
ascertaining the proportions of these two substances 
in the different states of the acid. 

The quantity of oxigen which causes the dif- 
ference of nitrous gas and nitric acid may be easily 
determined, by attending to the known propor- 
tions of oxigen gas and azote gas, which compose 
nitrous gas (304), and to the formation of nitric 
acid by the action of dectricity. Nitrous gas con- 
tains 44 ponderable parts of azote, and 56 of oxi- 
gen : in the second experiment by which Caven- 
dish formed nitric acid, by the immediate com- 
bination of azote and oxigen, and which it is proper 
to select, because it is that which gives the greatest 
proportion of oxigen, and consequently the acid 
retained less nitrous gas foreign to its composition, 
the proportion of oxigen was to that of azote, as 
253 to 100. 

But if the weights of these two gases are taken 
instead of their volume, it will be found that 100 
parts of nitric acid are formed of 25 of azote, and 
75 of oxigen, nearly. 

lS The 
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The acid which Cavendish formed could not 
have been entirely in the state of liitric acid, as he 
observed himself: it must have held a little nitrous 
gaa in solution : but this can occasion but very 
little difference in the proportions, as is shown by 
l)avy. 

It seems tome therefore that, though this valua- 
tion cannot be considered as rigorously correct, 
it is an approximation sufficient for the explanation 
of most phenomena. 

312. When the nitrates are exposed to a strong ^ 
lieat, the elements of the acid acquire a degree of 
tension which separates them from the alkaline 
base : at this high temperature they take all the 
caloric which is required for each of them ; they 
therefore separate, or are only retained in that feeble 
state of combination which constitutes solution : 
but some nitrates at first permit the disengage-* 
fhent of a greater or less portion of nitric acid; 
this is probably on account of the water which they 
hold more strongly than the others, and whosfe ac- 
tion retain3 the acid with which it is volatilized 
(303). 

When nitric acid is decomposed in this manner, 
oxigen gas is disengaged, almost alone, at the 
commenfcement, because it predominates in the 
combination, and its excess will yield more easily to 
the forces which tend to destroy it : the nitrates 
are thu$ changed into nitrites : some experiments 
of Priestley seem to prove that these have the fa- 
Qulty ofattracting the oxjgen of atmospheric air t 

it 
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R may be conjectured tliat the nitrite of lime, 
changed in this manner into nitrate by the action 
of fire, owes the phosphoi-escent propeity which ha^ 
caused it to receive the name of Baldwin's phos- 
phorus, to this action on tlie oxigen of the atmos- 
phere. 

The nitrous acid which thus forms the nitrites, 
must not he confounded with that which arises 
ixom the saturation of nitric acid by nitrous gasi 
JD the latter, the nitrous gas preserves a different 
state of condensation ; it constitutes a peculiar 
substance, so that from its elasticity it is eliminated 
from tiie weak combination wliich it forms, by 
substsnces which enter into a more energetic com- 
bination with nitric acid : thus the alkalis drive it 
off, even water sets part of it tree, so that only a 
certain proportion can remain, according to the 
quantity of the water, and according to the tem- 
perature (309) : the difference of constitution 
which distinguishes these two acids depends, how- 
ever, on so slight a circumstance, that if an acid is 
poured on a nitrite, nitrous gas is disengaged, or 
rather a nitrous vapour, similar to that which is 
formed by the union of nitric acid with nitroui 
gas. 

The first of these acids cannot therefore produce 
nitrites, audits proportions experience great varia- 
tions, according to the circumstances. It is only 
to the acid which forms nitrites that the denomi- 
nation of nitrous acid belongs, as is very properly 
pbserved by Chpnevix ; and it would be expedient 

to 
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to indicate the solution of nitrous f^as in nitriii 
acid only by some mark capable of distinguishing 
it, such as the colour: we sliould be contented to 
call it nitric acid, of adeeper or paler yellow, rud-* I 
dy, &c. "«■ 

313. If the affinity of aznte is compared to that"^ 
of hidrogenfor oxigen, an ifleamuy be formed of 
the cause which produces the riirterences existing 
between their combinations : of all those of azote, 
thegazcous oxide is that in which the mutual pro- 
perties are the most completely saturated ; this 
gas dissolves in water, and scarcely communicates 
gny sensible property to it; it is inodorous; it 
has only a shghtly sweetish taste ; it is not chang- 
ed by nitrous gas or by oxigen gas, or by thoss 
substances which have the strongest tendency to 
oxigcnation while the temperature is unchanged : 
in this respect it may bi^ compared to water whose 
two elements are equally iu a state of saturation : 
now it only requires !5 ponderable parts of hidro- 
gen to jiroduce 1 00 parts of water, while one part 
of oxigen requires nearly two of azote for satura- 
tion ; whence it may be concluded thattheaffinity 
exercised by azote is much inferior to that of hidro- 
geu. 

Hence it follows that, by the same degree of_ 
saturation, azote will produce a much less conden- 
sation; in fact, gazeous oxide of azote remains a 
permanent gas: it also results from it that tliJ! 
combination is only separated by small intervals 
from other possible combinations of azote anij 
oxigen, 
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t)xigen, whil^ the strong condensation experienced 
by that of the hidrogen can only admit of the for-- 
mation of water (207). 

With a greater proportion of oxigen, nitrous gas 
is obtained, in which the condensation is much less 
considerable, and which easily yields a part of its 
oxigen to pass to the state of gazeous oxide of azote, 
which is more constant: but we have seen that 
the difference of condensation is itself the cause 
which renders the gazeous oxide much more easy 
to decompose at an elevation of temperature which 
tends to restore the natural state to its elements, so 
that it then produces the phenomena of combus* 
tion with sulphur, phosphorus, and charcoal ; while 
nitrous gas, in which the elements are but little 
condensed, preserves its constitution more easily 
in this circumstance (307). 

On account of its having but a weak combi- 
nation, nitrous gas can, with facility, enter into 
combination with oxigen, and in very variable 
proportions ; but it retains the gazeous state in 
forming nitrous vapour; it is only by the action 
of water that the nitrous vapour, by separating 
from the superfluous part of the oxigen gas, or of 
the nitrous gas (303), is reduced to nitric acid : 
nevertheless, although the water exercises its action 
on the determinate proportions which form nitric 
acid, it can dissolve a variable proportion of ni- 
trous gas, because the oxigen in it is far from 
being saturated with azote, and it then forms the 

yellow or the rutilant acid. 

From 
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From what precedes, it ri^^nlts that it Is tha^ 
part of the oxigeo, which makes the difference 
between the gazeous oxide and th^ liiitric acid, 
which produces the ejects of acidity ; but as the 
oxigen is but weakly retained in it^ it readily 
^andons a part to substances which hav^ a teo-i 
dency to oxigeq^ition^ to pass to the $tate of nitrous 
gasj when the action of the substance is weak, or 
to that of ga:i;eous oxide of azote : this is not the 
case when tlie Acid is combined with a base ; it 
then resists its decomposition by the resulti^g^ 
force of the combination, until this force is de^ 
stroyed, either by beat, or by 4t competition of 
affinities: in the action of nitric acidi there ar^ 
^ly tbe affiuity of the a;sote, and that of the water^ 
which tend to maintaia it ; in a uitrat^ the eiiergy of 
the acidity, arising from the oxigeoi becomes aa 
additionjal force (184^. 

When , the nitric acid is attached to a basei, 
ether substances produce di^erent efiects by their 
action, according to the cliaracter ; if the acidif 
^xercise their action oo tlie base, they act ac« 
wording to their respective quantity, tiieir capa* 
city for j^atAiration, their fixity, or their volatility; 
the nitric acid separates, if the temperature re-^ 
quires it, an4 if it holds enough of water it retains 
that state, if not, the iiitrou^ vapour, which gan 
reproduce it, when water contributes to its pon- 
^ep^tioii, is formtd. But when it is an osir 
g^nable substauioe which acts^ it requires th9t the. 
temperature should be so raided that tibe elements 

Of 
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Liff the nitric acid experience a dilatation, which 

iireakens the resulting force of the alkaline base, 

■find then the action being exercised on its ele- 

inents, still greatly condeosed, it produces 9 

much more complete decomposition than in pj- 

tric acid simply combjped with water : however, 

l^e effects vary according to the force which pro- 

Iduces them. One part of sulplmij with four of 

gitrate of pot-ash, disengages much nitrous gas*. 

Oxide of arsenic does the same, and it is probable 

that phosphorus, in a small quantity, would pro-r 

ducc the same effect ; charcoal, in too great a 

proportion, produces a species of inflammable 

gas (304) : very variable results may be obtained, 

according ^o the difference of substances and of 

their proportions : sometimes the elevation of tem-r 

perature disengages a portion of oxigen, even 

without its entering into combination, but it ia 

reduced to the elastic state, so that a portion 13 

often blended with the gas which is disengaged. 

314. All the combinations of azote with oxigen 
retain the greatest part of the caloric which the 
oxigen gas possessed, so that when the acid is 
formed by the union of oxigen gas and nitrous 
gas, very little caloric is disengaged, as wa3 
ascertained by Laplace and Lavoisier, in the calo- 
rimeter ; and what proves that nitrous gas itself 
is possessed of much caloric, is that the effects 
produced by tlie nitrates show tliat all the oxigen 

fMem.dcl' Acttd. J781. 
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which enters into the composition of the ^cid is 
deprived of only a small portion- of the caloric l>e- 
longing to oxigen gas, and which it resumes 
when it is disengaged from the nitrates by the 
sole action of heat. 

The effects of the detonation of nitrates are 
owing to the expansion produced by the caloric 
which inakes the difference of the oxigen com- 
bined with the bases which produce it, from the 
same oxigen combined with azote : this explains 
the effects of gunpowder, and accounts for its 
composition : it must have a little sulphuj:, be- 
cause this substance being more volatile, and 
more easily combustible than the charcoal, it wnll 
facilitate its inflammation ; but although the heat 
disengaged from it be much more intense, the 
combustion of the sulphur would only have pro- 
duced a sulphate, a substance fixed, or of much 
more difficult dilatability than carbonic acid. It 
requires therefore only a small proportion of sul- 
phur which produces the first effect or augments 
the temperature : the violence of the expansion 
must arise principally from the production of 
carbonic acid and azote gas, in the ratio of their 
respective quantity. 

Several philosophers have attributed all the 
effects of powder, which are owing to the expan- 
sion, to water reduced into vapours, and which, 
as Rumford has shown, are much more consi-? 
derable than was believed by Robin ; but an easy 
calculation, as Jias been observed by Laplace, 

\viU 
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\7iII show that the heat produced by the detona- 
tion df nitre is very far. from being sufficient to ex-r 
plain these effects by the expansion which it caa 
produce in the vaporization of water, whatsoever 
maybe the quantity supposed to be in the powder. 
It is to the elastic tension of the carbonic ticid 
which is set at liberty, or rather to that of the 
oxigen which enters into its composition, as well 
as to that of the azote gas, and to the augmenta- 
tion of that tension by the heat which is dis- 
engaged, that they are principally owing: tl^q 
quantity of water which inight exist, or evea 
that which is formed, can only contribute a very 
spiall part. to it. 

In this phenomenon, the carbonic acid which 
produces the detonation, is not in combination 
but in the gazeous state, because the temperature 
is too much raised fo? it to combine with the 
alkali: this explains an observation ofRumford; 
having detonated a small quantity of powder, in 
a close vessel, and, having opened it after cooling, 
there was only a little .hissing, which announced 
but a small quantity of gas, which led him to 
explain the detonation by a different cause from 
the production of gas: during the cooling the 
carbonic acid had combined with the pot-ash. By 
this I explain another observation of Cruik-- 
ehank*. Having examined the matter which re- 
mains after the explosion of the powder, he found 

t Bibl. Brit Tom. XVI. p. 72. 

that 
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Tlbat it was a compound qfpot^ash^ united to a small 
quantity of carbonic acid^ of sulphate of pot-^sh 
pnth a very small proportion of sulphuret of pot-- 
ashy and of unconsumed charcoal ; the carbonic 
acid which had been produced, was only fi^ed iu 
^ amaU c^^uautity in this uiatter. 
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CHAP. III. 

Of Ojigetiate4 and Super-oxi^^nated Muriatic^ 

Acid* 

315. OxiGEKATED mnriatip acid, composed 
of two volatile elements, although with ;i differ 
xent degree of elasticity, owes its existence only 
to the action of a weak affinity, and nevertheless 
both the elements of which it is composed have 
the property of forming energetic combinationa 
vith a great Dumher of other substances. 

The muriatic acid exercises too weak an action 
on the oxigen to counterbalaoce the force of the 
elasticity which it has in the state of gas, and it 
IS only by the concurrence of the forces which 
tend to give the elastic state to the muriatic acid, 
and at the same time to the oxigen condensed iu 
9ome substancci that ;tca)i l>e pro^luc^d^ 

Tbe 
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Tlie State of dilatation in which the elements 
of this acitl are found, and the weakness of theif 
union, render them therefore but little calculated 
fcto form durable combinations, and the greater 
I ^art of the substances which combine in prefe- 
rence, either with the muriatic acid, or with the 
oxigen, or even with botli, decompose it, and 
unite either with one of its elements, or with the 
two, changing their state by the condensation: 
this is what happens with most of the oxigenable 
substances which rob it of the oxigen, sometimes 
without affecting the muriatic acid, at others, by 
combining, first with the oxigen, and afterwards 
with the muriatic acid * ; but when a substance 
unites with the two elements without separating 
them, the oxigenated muriatic acid may pass sud- 
denly into a different state, or this change may be 
gradual according to the force which produces it. 
Finally, in oxigenated muriatic acid, the oxigea 
preserves the caloric which belongs to the oxigen 
gas, at least as much as in nitric acid. These 
considerations will guide us in the explanation of 
all the phenomena which are owing to the action 
of oxigenated muriatic acid, and in which those 
arising from the combination of this acid with a 
base, must be distinguished from those produced 
,by its decomposition, and by the combination of 
I elements. 



* Mem. lie 1' Acad, dei Sciences, 1785. 
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In both the effects which it produces, the oxU 
genated muriatic acid shows much correspondence 
with the nitrous gas; but the cause of the diffe- 
rences which distinguish them may be found in 
their composition: nitrous gas, formed of two 
substances both of which have great elasticity, 
retains this property in a considerable degree ; 
it only dissolves in water in a small, proportion ; 
and, in the proportions which form it, has not, 
sensibly, any acid quality : the oxigenated muri- 
atic acid, one of whose elements has much less 
elastic disposition, dissolves with more ease in 
water; nevertheless it has only a weak affinity for 
this liquid, for a great part separates from it, by 
cold, and then takes the solid and crystalline state, 
so that it is rather the weakness of the elastic 
disposition than the force of the action of the 
water which produces this union, and as> of its 
two elements, one is naturally aoid, and the other 
conveys acidity to the substances with which it 
combines, when it does not experience too great 
a saturation, it has a much brisker action on al- 
kalis than on nitrous gas ; but these condense it 
more or less, they change its chemical action, so 
that the effects vary according to the state of 
■ condensation to which it is reduced : these easy 
deviations in the power of the acidity render the 
effects much more unsettled, and more difficult to* 
seize than those of the acids which are more uni- 
form in their constitution. 

The 
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The ^kalis may therefore combine with oxige- 
uated muriatic acid, whose powerful odour they 
cause to disappear, and whose colour they de- 
stroy • but it forms another species'of combinatioa 
with them, experiencing itself the change which 
constitutes it super-oxigenated. 

The oxigenated muriates must 'therefore be 
distinguished from the super-oxigenated muriates^ 
Chenevix, who has lately published some very 
interesting observations*, qf which I shall make 
use, though I shall allow myself some observations 
on them, gives the name of hyper-oxigenated to 
these latter combinations, which has the advan- 
tage of being entirely drawn from the same 
language. 

Since the oxigenated muriates show no signs of 
saturation, and since the acid, and particularly 
the oxigen, experiences successive and indeter- 
minate degrees of condensation in them, the de* 
nomination by which they are designated must be 
received with the uncertainty which is found iu 
the combination itself. 

This fluctuation in the constitution of the com- 
binations of oxigenated or super-oxigenated 
muriatic acid, also prevents the ascertaining the 
correspondence between the properties of the 
combinations, and those of their elements, which 
can be* traced in the combinations of the other 
acids with alkaUne bases ; in these we are con- 

• Philos. Trans. 1802. 
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duce heat, according to the circumstances (126), 
When tiie oxigenated muriatic acid, either in 
the state of gas, or in the liquid state, acts on a 
combination ^vhich cotitains hidrogen, it is this 
•which begins by combining with the oxigen, so 
that the substance with which it was united, is 
abandoned, although it m^y be susceptible of 
oxigenation itself; and sometimes the force of co- 
hesion which it then acquires withdraws it from 
the action of the oxigenated muriatic acid, if a 
sufficient quantity of it is not employed at 
first. 

Thus, when oxigenated muriatic acid is poured 
by portions into water impregnated with sulphu- 
rated hidrogen, or an hidrogen^ted sulphuret, or a 
hidro-sulphuret, or an hidrogenated phosphuret, 
the phosphorus or the sulphur is precipitated, and 
being strongly condensed is no more attacked : 
but there is not any precipitate if the inverse 
operation is performed. These phenomena are 
analogous to those obtained when these gases are 
detonated with a small proportion of oxigen, and 
also to those which are observed in the com* 
hustion of the compound hidrogens according to 
the quantity of oxigen gas which effects the 
combustion (282), 

Sometimes the oxigenated muriatic acid com- 
bines with a substance containing hidrogen 
Svithout producing or experiencing decomposition, 
and it is only by a slow action, or by a change of 
temperature, that the mutual decomposition is 

effected : 
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effected : it is thus that this liquid acts on the 
colouring parts of vegetables ; it causes their 
disappearance by forming a combinaion with 
them free from colour and soluble in the alkalis :. 
but if this combination is long abandoned to itself, 
or exposed to the temperature of ebullition, it 
changes its nature ; its hidrogen produces water ; 
it grows yellow ; it charsj or approaches to char- 
coal. ^ 

316. The action of the Oxigenated muriatid 
ftcid on the alkaline bases is difficult to elucidate^ 
and more especially to describe, from the variety 
of combinations which it can form, according to 
the state of its condcjnsation, and according to 
the concentration atid affinity of the alkaline base : 
when the action which it experiences is carried 
to a certain point, its oxigen condenses in one part 
of the muriatic acid only, by forming a combi-* 
nation whose proportions are determined by the 
stronger reciprocal affinity of the elements (195, 
207), while the greater part of this acid, deprived 
of oxigen, unites with the remainder of the alka- 
line base; but a great quantity of the oxigenated 
muriatic acid remains iu combination without 
changing its nature : finally, a part of the latter 
acid is usually decomposed by the action of the 
alkaline base, and abandons the oxigen which is 
disengaged in gas. I shall now trace part of the 
phenomena which are owing to this complex 
action. 

M 2 ' While 
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While the oxigenated muriatic acid has only 
the condensation which it can take when it is 
dissolved by water, it does not expel the carbonic 
acid from the carbonates : it even dissolves car- 
bonate of lime, and probably would dissolve the 
carbonates of magnesia, of barites, and ofstrontian; 
it therefore does not form a super-oxigenated mu- 
riate, for in that state it very probably would 
drive off the carbonic acid, and the part which 
would be reduced into muriatic acid would produce 
the same effect : by this solution the odoui of the 
oxigenated muriatic acid is almost wholly dissi- 
pated, and the liquid loses all its colour. 

If carbonate of lime has been dissolved in oxige- 
nated muriatic acid, lime and pot-ash precipitate 
the carbonate from it; which shows a stronger 
action on the alkalis than on the carbonates, and 
which indicates an action similar to that of the 
acids (259). 

If oxigenated muriatic acid gas is passed into a' 
solution of carbonate of pot-ash or of soda, bubbles 
are soon seen to be disengaged, which are owing 
to the carbonic acid : then the oxigenated muriatic 
acid acts on the parts of the liquid which offer 
themselves to it, it is at once in a state sufficiently 
condensed to expel the carbonic acid, and a little 
super-oxigenated muriate seems, at the moment, 
to be formed. 

• When the same operation is performed with a 
solution of pot-ash a little concentrated, and 

.when 
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when much oxi2;enated muriatic acid is con- 
densed, a pavt of tliis acid is decomposed by the 
stronger action which the alkali exercises on the 
acid, whose oxigen it disengages, even in the dark, 
which proves that alt the oxigenated muriatic 
acid is not divided into mnriatic acid and snper- 
oxigenated acid, as soon as it experiences the 
action of the alkali, although a part may really 
undergo this change. 

Chenevix has doubted the property which I 
have attrihiited to alkalis, of disengaging the 
oxigen gas from oxigenated muriatic acid ; he 
believed that I might have been deceived by a 
portion of carbonic acid which remained in the 
pot-ash I employed, which has induced me to re- 
peat the experiment with all the care which the 
opinion of so skilful a chemist required, and I 
found that much oxigen gas was really disen- 
gaged, and even in tiie dark : but for this effect 
to take place it is necessaiy that tliere should not 
he too great an excess of alkali in the combi- 
nation, and that the oxigenated muriatic acid 
should have arrived at a sufficiently advanced 
state of condensation. 

The different alkalis produce this disengage- 
ment of oxigen gas ; I have nut, however, ob- 
served it witli lime, but barites offers it iu a par- 
ticular manner. 

Different changes, therefore, are produced when 

the oxigenated muriatic acid is received into a 

solution 
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solution of pot-ash, which vary according to the 
circumstances, and which, consequently, can only 
be indicated in a. general manner: one part of 
the oxigenated nmriatic acid is converted into 
super-oxigenated, by the accumulation of tlw 
oxigen which abandons a corresponding portion 
of muriatic acid : this last portion is therefore ia 
the state of muriate of pot-ash. 

At the same time, a part of the oxigenated 
muriatic acid condenses witlioiit experiencing 
any other change, by a combination weaker than 
the preceding, but what depends on the greater 
condensation; a portion of the pot-ash seems to 
correspond to this combination, and it is only by 
a considerable interval of time that the oxigenated 
muriatic acid undergoes all the change arising 
from tlie transfer of the oxigen, as we shall soon 
see; but at length an equilibrium of forces is 
established, and a portion of oxigenated muriatic 
acid resists ulterior decomposition. 

317. The super-oxigenated muriate of pot-ash 
presents a , property Mhich cannot be deduced 
from those found in its elements, and which de- 
pends on some unknown relation between pot- 
ash and oxigen ; or, perhaps, the forai ,pecijiiar 
to this combination contributes to the cflect ; it 
js a greater insolubility than that of the other 
supcr-oxigenated muriates. 

In conformity with this exposition, I difler 

>sith Clienevix on the pcrio<l in \ihicb the super- 

'■ oxiiienaicd 
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oxigenated muriate is produced : he is of opinion 
that the super-oxigenated muriatic acid is formed 
as soon as the pot-ash enters into combination, so 
that, according to him, the oxigenated muriaticr 
acid does not remain in this state when it com- 
bines with pot-ash, or at least the quantity which 
remains is so small, that he does not attribute 
any sensible property to it : the following is the 
experiment on which he rests his opinion ; he 
precipitated a solution of pot-ash, saturated with 
oxigenated muriatic acid, by nitrate of silver ; 
he evaporated a similar quantity of this solution, 
and, having dissolved the residue, he precipitated 
it, and .obtained a quantity of muriate of silver 
equal to the first : as the nitrate of silver is not 
precipitated by the super-oxigenated muriate of 
pot-ash, he concludes that all this salt was formed 
before the evaporation. 

The result of the evaporation may be different, 
according to the accompanying circumstances of 
it, but, independent of every other consideration, 
this experiment does not prove that the oxige-^ 
nated muriatic acid passes at once into combi^ 
nation in the super-oxigenated state ; for if this 
were so, the liquor formed by receiving oxige- 
nated muriatic acid in an alkaline solution would 
cease to be capable of destroying colours, or of 
being decomposed by light, particularly when 
there is an excess of alkali : now, a liquor of this 
species which has received a sufficient quantity of 
Q>;igenated muriatic acid, retains the property of 

destroying; 
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destroying colours, or of being decomposed by 
light, much more than the oxigenated. muriatic 
acid itself, which is only condensed by the water, 
so that much more of it is then found in the state 
of oxigenated muriatic acid, because it has re- 
ceived a greater condensation. 

I prepared a liquor of this description ; I put 
one lialf of it into the dark, and immediately ex- 
posed the other half to the action of light ; after 
having suffered the first to remain fifteen days in 
the dark, it was also placed in the light: the 
quantity of oxigen gas disengaged from the first 
half was, to that from the second, as 16 to 7* 

From this I conclude that although a little 
super-oxigenated muriate of pot-ash may be 
formed at the commencement of the operation, 
when the solution of pot^ash has a certain con- 
centration, it is, nevertheless, only when the acid 
itself has acquired a considerable condensation 
that the greatest part experiences the change from 
oxigenated muriatic acid into super-oxigenated 
muriatic acid ; that this change is continued 
slowly, even when the liquid does not receive any 
more oxigenated muriatic acid ; and, finally, that 
the proportions of it which undergo this change 
may be considerably varied by different circum-^ 
stances. • 

The proof by nitrate of silver is not to be de- 
pended upon, because it may determine the trans- 
fer of oxigen by the action which the oxide 
of silver exercises on the muriatic acid. 

To 
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To ascertain what proportion of oxigen was ^ 
combined in the oxigenated muriatic acid, I ex- 
posed a determinate volume to the action of light* ; 
I obtained a quantity of oxigen gas from it; I 
afterwards precipitated the muriatic acid which 
remained in the liquid, and found the quantity of 
it by the weight of the muriate of silver obtained 
by means of a solution of a known quantity of 
this metal : Ghenevix is of opinion that the mu- 
riate of silver indicates a greater quantity of 
muriatic acid than that which I have attributed to 
it: admitting his correction, 100 ponderable part* 
of muriatic acid would be combined with 15 parts 
of oxigen. If this experiment was repeated, 
taking care that all the oxigenated muriatic acicj 
should be destroyed, it seems to me that an indis- 
putable result would be obtained. 

The method which Chenevix has preferred ap- 
pears, on the contrary, to be liable to inconve- 
niences which are difficult to avoid ; he received 
a quantity of oxigenated muriatic acid into an 
alkaline solution, which he afterwards evaporated ; 
and he judged of the proportion of oxigen by 
that of the super-oxigenated muriate he obtained, 
supposing that the oxigenated muriatic acid had 
ipntirely experienced the change by which the 
^nuriate and the super-oxigenated muriate of pot- 
ash are formed : but a portion of the oxigenated 
muriatic acid must inevitably have been disen- 

• Mem. de r Acad. 1785i 

gaged 
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gaged in the evaporation to which he subjected 
the liquid, and another portion must have been 
decomposed, from whence it arises that he obtained 
several inches of a gas wliich he took for the dila- 
ted air of the vessels. Nevertheless he found a pro- 
portion of oxigen equal to 0. 19, and he made that 
of the super-oxigenated muriate to amount to 1() 
with 84 of muriate : my experiments gave me a 
proportion of super-oxigenated muriate rather less; 
I think, therefore, that he must have recourse to 
new observations to remove these slight diffe- 
rences. 

The proportion of oxigen in the oxigenated 
muriate of pot-ash is found with less uncertainty: 
the experiments which I have published, as well as 
those of Chenevi}^, fix it at nearly 33 parts in a 
hundred. 

318. Soda has also the property of forming a 
super-oxigenated muriate, which has been exa- 
mined by Dolfuss and Gadolin ; but as its solubi- 
lity differs very little from that of the muriate of 
soda, it is difficult to separate them ; Chenevix 
crystallized it by means of alcohol, by repeating 
the operation several tim^, because the muriate of 
soda has also the property of dissolving in this Ii-» 
quid : this super-oxigenated muriate, according 
to his observation, crystallizes in cubes, or in 
rhomboi<ls but little different from cubes ; it is in 
this last form that I have noticed it : a method of 
obtaining it, which has succeeded with me, is to 
leave a very concentrated solution exposed for a 

long 
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long time to the air : it seems probaUe that tlie 
temperature of congelation ■would be capable of 
producing the separatiou of the two salts, by va- 
rying their respective solubility. 

Osi;,i:enated muriatic acid also combines with 
the earthy alkaline bases, and experiences a change 
with them analogous to that M'hich it is subject 
to with pot-ash and soda, but with some relative 
differences in each species. 

Lime has a strong action on oxigenated muriatic 
acid; it condenses a great quantity of it; if this 
combination isdistilledj mucli oxigenated muriatic 
acid is disengaged, and there is only a small quan- 
tify decomposed towards the end, so that then a 
Httle oxigen gaa passes over: the residue which 
should only be brought to desiccation, does not 
destroy tlie vcnctable colours, but it sparkles on 
burning coals with much less vivacity than is dong 
by an anahigfius mixtureof oxigenated muriate of 
pot-ash: it did not detonate by percussion when 
mixed with sulphur, but if, in this state, it Is 
urged by fire in a retort, it swells up, and much 
oxigen gas is disengaged, which shows that a con- 
siderable proportion of auper-oxigenated muriate 
had really been formed : nevertheless I have lately 
observed that itsparkled faintly on burning coals : 
I conjecture that this difference arises from a 
greater loss of caloric being sustained than in tlie 
Bflper osigenatfd muriates of pot-ash and soda; 
^hd, in fact, when the oxigenated muriatic acid 
kg received into pot-ash or soda, no sensible disen- 
gagement 
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gdgement of heat takes place, but with lime there 
i$ a considerable production of heat. 

Chenevix not having been able to separate the 
muriate and super-oxigenated muriate of lime, by 
crystallization, because both are deliquescent, nor 
by alcohol, employed an ingenious process with 
all the similar combinations of earthy bases : he 
digested phosphate of silver in the liquid combina- 
tions, which, as he ascertained, decomposes the 
muriate of lime, because, on thfe one hand, the 
phosphoric acid combines with the lime, and on 
the other, the silver unites to the muriatic acid, 
two insoluble combinations; the same thing will 
ttake place with the muriates of the oxigenated 
combinations ; I shall, however, indulge myself 
in one observation on this application of the pro-? 
cess. 

Chenevix has always considered these combina- 
tions as simple mixtures of muriates and super- 
oxigenated muriates, and he submitted them to 
his proofs, without having subjected them to the 
action of heat; now in this state there is a great 
excess of oxigenated muriatic acid, but little con- 
densed, which will produce much uncertainty ia 
the result. 

It must be observed, that in applying it to the 
processes of the arts, all the oxigen which is con- 
densed in the state of super-oxigenated muriate 
becomes useless, and that only the muriatic acid 
which retains its character is efficacious ; but, in 
this respecty the alkaline bases produce differen|; 

effects* 
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*"'efFects: some facilitate the transmutation into 
super-oxigenated muriatic acid more than others ; 
tliey condense the oxigenaled muriatic acid un- 
equally, without changing its nature; they also 
take a variable quantity of muriatic acid, restoring 
the elastic state to a portion of the oxigen ; thus 
barites absorbs a great quantity of oxigcnatcd mu- 
riatic acid, hut as much oxigen gas is separated 
from it, onlya small proportion of super-ox igenat- 
ed muriate is formed with this base. 

When ammonia enters into contact with oxi- 
genated muriatic gas, one partis decomposed, and 
tlie other enters into combination with the mu- 
riatic acid, light is disengaged, and a quantity of 
water is produced, whose formation may be thus 
rendered sensible, as was shown by Fourcroy. 
The decomposition of a part of the ammonia also 
takes place in oxigenated muriatic acid, its azote 
is disengaged with tlie appearance of an efferves- 
cence; the other partis preserved from decompo- 
sition, by its combination with the muriatic acid : 
then, instead of light, heat only is disengaged. 

Van Mons, by means of a very low temperature, 
formed a combination of ammonia with oxigenated 
muriatic acid, or a super- oxigenated muriate of 
ammonia: other chemists have not succeeded on 
repeating this experiment. 

Chenevix produced this combination by deconi- 
posinga super-oxigenated muriate with an alkali no- 
earthy base, by means of carbonate of ammonia, 
but he was unable to insulate it, and there may re- 

C'oubts as to the state in which these 
substances 
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substances were found: the auper-oxigenated acici 
inight have kept a portion of the base to form a 
triple combination which would have been capable 
of retaining the atiimonia. 

319. In the super-oxigenated muriate of pot- ash, 
' and of soda, the oxigen seems to retain not only 
all the caloric which it had in the gazeous state* 
T)ut it also has properties which might lead to a 
conjecture that it possesses even a larger quantity : 
if the first salt is subjected to a rude friction, lu- 
minous sparks are emitted, and a little oxigen gas 
is disengaged : concentrated sulphuric acid causes 
it to detonate with jets of light ; what supports 
this conjecture, until it has been submitted to 
thetestof the calorimeter, is, that when the super- 
oxigenated muriates are formed, by combining a 
greatquantity of oxigenated muriatic gas, quickly^ 
with pot- ash or soda, no heat is sensibly disen- 
gaged, as I have already observed, and nevertheless 
the most considerable part of the pot-ash enters 
into combination with a corresponding proportion 
of muriatic acid, and would, consequently, pro- 
duce much heat, if the caloric was not absorbed 
by the other combination. 

On the contrary, a considerable heat is perceiv- 
ed during the formation of super-oxigenated mu- 
riate of lime, which seems to establish a difference 
in the state of the super-oxigenated muriatic acid 
in the super-oxigenated muriates ; but in all of 
them the oxigen is overpowered by a stronger 
atfinity than in the oxigenated muriatic acid, and 
in the oxigenated muriates^ for^ it does not change 

vesretable 
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vegetable colours ; it is no longer reducible into 
gas by light, and by a weak heat ; the super-oxige- 
nated acid does not precipitate the nitrates of 
silver, or of lead; the super-oxigenated muriates do 
not yield their oxigen to metallic solutions, when 
they are mixed together; these, however, exercise 
aslow action, by which the resulting affinity is, 
at length, destroyed. 

The constitution of the super-oxigenated muri- 
atic acid is such, that it Cannot be separated from 
a base in which it is condensed, either by heat, of 
by the action of the other acids, without being 
decomposed : nevertheless, a part of this acid 
seems to be disengaged by the action of sulphuric 
acid, as was observed by Fourcroy and Vauque- 
lin*, and it then produces a much more energetic 
effect on bodies easily combustible, than the oxi-*» 
genated muriatic acid, so that the mixture of these 
substances with the super-oxigenated muriate of 
pot-asli, inflames when thrown into this acid. 

When the sulphuric acid is concentrated, its 
action on the super-oxigenated muriate of pot-ash 
produces a brisk detonation, which was first de- 
scribed by Pelletier ; if a sulphuric acid is used so 
weak that the operation may be performed by a 
moderate heat, and without danger, a yellow liquor 
comes over, in distillation, which destroys vegeta- 
ble colours, and which has a peculiar odour, 
analogous with that of the rutilant nitric acid ; at 
the same time, a considerable quantity of oxigen 

* Mem. de I'lnstit. Tom. II. 
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gas is disengaged. This liquor may be consider- 
ed as a compound of muriatic acid and oxigenated" 
muriatic acid ; and, conformably to the opinion of 
Chenevix, it contains a portion of supcr-oxigen- 
ated muriatic acid, which has not been decompos- 
ed, but there is no constancy in its composition, 
in which the proportions vary according to the 
circumstances of the operation. 

Nitric acid produces phenomena but little dif- 
ferent: with muriatic acid, the super-oxigenated 
acid seems to be converted wholly, or for the 
greatest part, into oxigenated muriatic acid. 

When the oxigenated muriatic acid acts on the 
metals, " there is no decomposition of water, no 
'* disengagement of hidrogen gas, and consequent- 
" ly no effervescence; thus, iron and zinc, which 
" otherwise have the property of decomposiiig 
" "water mthont the aid of any other atlinity, dis- 
" solve quietly in oxigenated muriatic acid, 
" because this acid yields to them the oxigen 
" which they want, and the result is the same 
" as if the common muriatic acid had been 
*' used*." 

It is therefore metallic muriates, and not super- 
oxigenated muriates, which are formed by the 
oxigenated muriatic acid, whichhas been confirm- 
ed by Chenevix, and when they are distinguish- 
ed by the denomination of oxigenated, this desig- 
nation is only applicable to the great oxidation of 
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the metal : but Chenevix has made known the 
true super-ox igenated metallic muriates. I shall 
makeuseof his interesting experiments in treating 
of the metals. 

320. The properties offered by the oxigenated 
muriatic acid miut be deduced from its state of 
combination, or from the action of the oxigen, 
and froi» that which it experiences from caloric. 
It combines with alkaline bases which condense it, 
but the oxigen is feebly retained by this combina- 
tion, and readily forms others which are peculiar to 
it, abandoning the muriatic acid. 

The oxigen accumulates with a part of the 
muriatic acid, in aproportion which is determined 
by the stronger reciprocal condensation : then it 
forms super-oxigenated muriates; it experiences a 
more energetic action from the alkalis; it is more 
strongly retained in their combination, and often 
more resistance to the action of other substances, 
unless the resulting affinity is destroyed. 

When this effect takes place, whether from the 
action of a very concentrated acid, or from that of 
heat, either the acid is decomposed by the expan- 
sion which arises, and which is increased by the 
disengagement of caloric, or its oxigen enters at 
once into combination, producing the effects 
which accompany a quick and vivid combustion. 

Compression also determines the combination 
of tlie oxigen with inflammable substances, by pro- 
ducing acloser contact between these substances 
and it: but, with Fourcroy and Vauquelin, wc 
VOL. II. N must 
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mvLst distinguish the effects of detonation from 
those of inflammation : it is requisite that the 
disengaged gas should experience a compression^ 
an obstacle to its dilatation, to produce the first} 
if this obstacle is wanting^ it is only inflammatianu 
(Nete XXI). 



CHAP. IV. 

Of Nitro-muriatic Acid. 

321. The name of nitro-muriatic acid^s giireii 
to a mixture of nitric acid and muriatic acid, npt 
to designate a particular substance, but a property, 
fruitful in effects, which belongs to tb€ mixture of 
these two acids, and which is a consequence of 
those we have already recognized in the nitric 
itcid, and of the weak tendeivcy which the muriaticf 
acid has to combine with oxigen to form oxigenat* 
ed muriatic acid. 

When^ therefore^ nitric acid and muriatic acid 
are mixed, an effervescence quickly takes placc^ 
and the liquid becomes coloured : it has been be- 
lieved that oxigienated muriatic acid was formed 
in the liquid, hy which it ha» been attempted to 
explain the ne\i^ properties of the mixture ; but 
the gas which iis disengaged is the oxigenated 
muriatic acid; aiid it is nitrous gas formed by the 

cessioB 
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cession of the oxigen to a part of the nitric acid 
which colours the liquid*: it may be driven off by- 
means of an alkaline base. It is evident, there- 
fore, that the nitric acid, which has a strong ten- 
dency to combine with nitrous gas, a tendency 
, which is also possessed in a less degree by the mu- 
' riatic acid (304), principally determines the form- 
at ion of lytrous gas^ while the oxigen which is 
separated from it combines with part of the muri- 
atic acid, and exhales : this effect ceases when 
the nitro-muriatic acid is saturated with nitrous 
gas ; hence if nitric acid already charged with 
nitrous gas is employed for this mixture, the effect 
is less, and much less oxigenated muriatic gas is 
* disengaged, the quantity of which corresponds 
with that of the nitrous gas produced : the nitrous 
vapour is also immediately condensed by the mu- 
riatic acid, and then no oxigenated muriatic acid 
is formed ; when nitric acid free from colour is 
employed, the deep colour assumed by the nitro- 
muriatic acid depends only on the nitrous gas 
which is produced and condensed. 

If nitrous gas is mixed with oxigenated muria- 
tic gas over mercury, or over very little water, the 
nitrous gas can act on the oxigen, weakly retained 
by the muriatic acid, independently of the water-; 
the oxigenated muriatic acid is destroyed, and th6 
rutilant nitrous vapour succeeds : but if the mix- 
ture is made over a sufficient quantity of water, 

♦ iVr6m, de I'Acad. 1785. 
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thoi^itrous vapour, as well as the muriatic acid, h 
dissolved in this water ; they then form nitro-* 
muriatic acid, without any disengagement of 
oxigenated muriatic gas, and without its being 
produced : here, therefore, results are obtained, 
which are even opposite to the reciprocal 
action of the different substances, by a single 
circumstance which is so often neglected, by 
the change alone in the proportion of the 
water, whose action intervenes more or less pow- 
erfully, according to its quantity. 

Humboldt was of opinion that the oxigenated 
muriatic acid which absorbs the nitrous gas, se- 
parated the azote gas from it, which he thought he 
found mixed in it» in the proportion of 14 in 100 ; 
but if this experiment is made with proper care, 
not n)pre than -rh of residue will be left*; which 
proves that azote gas does not exist, as an insu- 
lated substance, in the nitrous gas which is 
formed by the common methods, and collected 
without negligence. 

322. The preceding observations are sufficient 
to account for the action of nitro-muriatic acid 
on the metals, whether it is formed by the simple 
mixture of nitric acid» and of muriatic acid, or 
whether salts containing one or the other acid are 
introduced into the mixture : then a metal acts on 
the oxigeii of the nitric acid to combine with the 
muriatic acid, without being required to de« 

^ Ann. d« Ghim. Tom. XXXIX* 
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compose the water to be oxidated, or to find the 
oxigenated muriatic acid ready formed. 

It is not the oxigenated muriatic acid which is 
produced that contributes to these effects, since it 
exhales ; neitlier is it the nitrous gas, which is 
also eliminated by the action of the metal ; hut it 
is the concurrence of the action of the metal, of the 
muriatic acid, and of the oxigen of the nitric 
acid, which produces the solution, and which 
forms the distinctive properties of the nltro- 
muriatic acid. 

It has been remarked with truth, that metallic 
muriates are produced by nitro-muriatic acid; for 
the affinity of the muriatic acid for the metals, 
when they are much oxided, being considerably 
greater than that of the nitric acid, it is it which 
should be particularly considered as forming the 
metallic combination. I do not, however, adopt 
the conclusion that the nitro-muriates should be 
banished from the nomenclature ; the nitric acid 
also exercises an action on the metallic salt, it 
diminishes its disposition to crystallize, and 
retains its energy in the circumstances in which 
the nitro-muriates are used; it sometimes pro- 
duces ammonia during its action on the metal; 
its action continues to effect changes in the 
solution for a length of time: the nomenclature 
announces tliese differences by the designation of 
nitro-muriates. 

The nitro-murlatlc acid exercises a species of 
action which requires much attention, because it 
differs 
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differs essentially, according to the circumstances, 
and will serve to explain several analogous facts 
which come under chemical observation. 

The reciprocal action of the two acids, at first, 
produces two new combinations, but it reaches 
a term of saturation : if the circumstances are 
changed, particularly the proportion of water, the 
new combinations may be restored to their pri- 
mitive state. 

An alkaline base, added to nitro-muriatic acid 
which has acquired a deep colour, combines 
simply with the two acids, causing them to aban- 
don their nitrous gas : a substance which has a 
strong action on the oxigen decomposes the ni-< 
trie acid, which only acts by its elementary 
affinities ; then the muriatic acid has no influ- 
ence ; but if this substance is metallic, the two 
acids exercise a very different action ; the muri- 
atic contributes to the formation of the oxide by 
a resulting force ; the nitric scarcely acts except 
by its elementary affinities, and it is by means of 
its destruction that the new metalliq combinatiou 
is formed. 
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Of Ternary Acids. 



CHAR L 

0/the Acids commonljf designated by the denomi'- 

nation of Vegetable Acids, 

323. The combination of oxigen with carbon 
and hidrogen has given us oxircarburated hidro- 
gen gas, whose ruling properties depend pn the 
tendency to combination with a greater propor- 
tion of oxigen. 

There are a great number of other fixed combi- 
nations which are owing to th^ union of these 
three elements ; those in which the properties of the 
oxigen predominate, form a numerous class of 
acids, which, if the attention was alone directed to 
the relations of composition, might be only consi- 
dered as a modification of the same acid ; but each 
of them has an existence sufficiently defined by 
|jts stability, and by its properties : nevertheless 
^ere is a term at which this division must stop. 
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As this teraary combination is frequently formed 
in vegetables, its varieties are distinguished by the 
name of vegetable acids ; but chemical skill has 
succeeded in producing the greater number of 
these acids, by taking the carbon abd hidrogen in 
the state of division and condensation in which it 
is found in many substances, and mutually trans- 
forming them by the action of oxigen, also con- 
densed in a weak combination : the properties .of 
these acids, therefore, independently of their usual 
origin, may be considered as resembling those of 
the binary combinations which are also acids, aU 
though they have a different origin. 
. These circumstances have led to a comparison of 
the acids arising from the combination of oxigen 
with carbon and hidrogen, with the modifications 
experienced by the acids according to the proper- 
tions of oxigen and azote, or sulphur, or phosphorus, 
which enter into their composition, and according 
to the greater or less state of condensation of the 
oxigen ; but the introduction of a third element, 
which may itself vary in its condensation, and in 
its quantity, renders these modifications more nu- 
merous and more difficult to determine : besides, 
we shall see that this supposition of the compos!-' 
tion of ternary acids, which is calculated to repre- 
sent the principles of action which they are pos- 
sessed of, is not exactly conformable to what ob- 
servation has taught us on the §tate qf their ele-» 
ments, 
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In these acids I shall examine the distinctive 
properties by which they contribute to cttemical 
effects, and I shall endeavour to find in the pro- 
portions of their elements, and especially in their 
peculiar constitutions, the reasons of their charac- 
teristic differences, of their production, and of 
their decomposition. 

324. The acids in question are the malic, the 
tartareous, the citric, the oxalic, the saccho-lactic, 
the gallic, the acetic, the benzoic, the succinic, to 
which may be added the camphoric, the suberic, 
the pyro- tartareous, the pyro-mucous, the pyro-lig- 
neous, the formic, and probably several others 
which may offer properties a little distinct, from 
some difference in the proportions, or in the state 
of the elements : I have already remarked else- 
where that a too refined division of the acid pro- 
perties is only an indulgence of little advantage to 
science : it would establish useless distinctions 
because they would only serye to indicate proper- 
ties whose trifling differences should be overlooked, 
while chemistry retains so large and so fruitful a 
field to cultivate : but there are several of these 
acids which require a particular attention on ac- 
count of their properties, of the light they throw 
on many chemical phenomena, and of their utility 
iji the arts. 

While these acids preserve their constitution, 
and act by a resulting affinity, each of them must 
be considered as a simple substance : in this view 
they differ from each other by their volatility, by 

their 
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their capacity for saturation, and by the property 
of forming salts more or less soluble, with the 
different alkaline and metallic bases. 

Some therefore are volatile, and can come over 
in distillation without being decomposed ; others 
cannot support this operation without experience, 
ing decomposition, and must be considered as 
fixed, since their resulting affinity ceases as soon 
as the union of their elements is broken : from 
this disposition are derived the differences depen- 
dent on the volatility and on the fixity, either 
with respect to each other, or when they are com- 
pared with other acids which have a different 
volatility or fixity, and all that has been advanc<<; 
ed on the effects of a difference in the elastic 
dispositions is applicable to them. 

With respect to the capacity for saturation, there 
is a great difference in these acids ; in this, the 
oxalic acid seems to be superior to all the others : 
nevertheless, we have hitherto so small a number 
of facts established with sufficient accuracy, that 
we must only consider our knowledge on this sub-- 
ject as notions which wait for more precise 
determinations: the citric acid alone has been 
examined with accuracy by Vauquelin*, and I 
shall insert the results of his experiments. 

According to the results of Vauquelin, 100 parts 
of citrate of pot-ash contain 55.55 of acid, and 
45.45 of pot-ash ; the citrate of soda, 60.7 of 

» 
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acid, and 39.3 of soda ; the citrate of ammo- 
nia 62 of acid, and 38 of ammonia ; (I must ob- 
serve that soda and ammonia have difterent re- 
lative quantities with all the other acids ;) the 
citrate of barites, equal parts of acid and of 
barites ; the citrate of lime 37.34 of lime, and 
6i^66 of acid: according to Proust, the latter 
citrate is formed nearly of 30 of lime, and 70 of 
^cid*. 

325. The property by which the ternary acids 
contribute most to chemical phenomena, arid 
which is I he most employed, is that of forming 
soluble or insoluble salts with the different 
alkaline bases, and of being useful, by the combi- 
nation of these properties, in producing the separa* 
tions which are requisite to ascertain the compo- 
sition of different substances. 

In these comparative properties are found the 
relations I have noticed between the dispositions 
of substances which combine together (197). The 
citric acid, and more especially the tartareous 
and the oxalic acids, which have naturally such a 
force of cohesion as causes them to crystallize, 
and which require a greater or less .quantity of 
water to take th^ liquid state, form insoluble salts 
with the earthy bases and with the metallic 
oxides; for which reason an affinity for these bases 
puperior to that of some other acids which, never- 

* Journ. de Pbys. Turn. LII^ 
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thelessy have a greater capacity for saturation, has 
been attributed to them. 

It is true, Scheele says that the citric acid does 
not precipitate the solutions of lead, of mercury, 
and of silver ; but some of Vauquelin's experi- 
ments seem to prove that it forms insoluble salts 
with several metallic oxides when it does not 
experience decomposition, and when it is not in 
excess. 

The saccho-lactic acid itself, which seems to 
have only a very weak acidity, or capacity for 
saturation, but which has little solubility, forms 
crystallizable salts with pot-ash and soda, and 
insoluble salts with lime, magnesia, barites, and 
doubtless with strontian, and it precipitates these 
earthy bases from their solutions ; it acts in the 
same manner with several metallic salts, and 
even precipitates all of them if they are employed 
in a neutral state, to avoid the action of an excess 
of acid. 

On the contrary, the acetic acid forms salts 
more or less soluble with the alkaline bases and 
with the metallic oxides. The malic acid has in- 
termediate properties. 

326. Scheele, with that discernment which cha-- 
racterized him, employed the difference of soliw 
bility of the acids, and of their combinations, to 
separate those found in the v^etable juices, in 
which several are blended with each other, and 
with other substances. It would not be unprofit- 
able 
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able to young cbemists to attend to the processes 
of this excellent model, and to show, by a new 
example, how the properties of combinations are 
connected with those of their elements. 

To separate the citric acid from the mucilagi* 
nous substances with which it is mixed in the 
juice of lemons, Scheele formed a calcareous 
citrate which precipitates ; he employed the same 
process to separate the tartareous acid from the 
acidulous tartrite of pot-ash ; but the citrate and 
tartrite of lime, which are insoluble in water, 
easily yield to the action of the acids and suffer 
themselves to be dissolved : this is not the case 
with sulphate of lime; although it has but little 
solubility in water, it opposes a more considerable 
force of cohesion to the action of the acids, and 
it resists them, unless the acids are powerful and 
greatly condensed : tlie difference of solubility is 
still greater at an elevated temperature such as is 
employed in this operation. 

If, therefore, sulphuric acid ismixed with citrate 
or tartrite of hme, sulphate of lime, which dis- 
places the salts which were soluble in an excess 
of acid, forms and separates, 

It^ instead of precipitating the acidulous tar- 
trite of pot-ash by lime, a carbonate of lime is 
employed, only that portion of the acid whicli ex- 
ceeds the neutral state can eliminate the carbonic 
acid ; so that the tartareous acid is divided between 
"the lime, disengaged from the carbonic acid, to 
form an insoluble salt with it, and the pot-ash 
which 
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which' forms tartrite of pot-ash. Thd oxide of 
lead produced the same effect in Rouelle's expe* 
riments*. 

It is to be observed, that in the preparation of 
citric acid, it is more advantageous that there 
should be a small excess of sulphuric acid, than 
that there should be an excess of lime ; the first is 
easily separated from the citric acid by the strong 
action which it exercises on water, and by the 
force of crystallization possessed by the citric acid, 
while, if it retained a little lime, the action of this 
excess would render it soluble, which would be 
an obstacle to its crystallization, as we have seen 
with respect to the salts, which, by their reciprocal 
action, destroy their property of crystallizing (77). 

The malic acid cannot be separated by this 
means, because it does not form an insoluble salt 
with the lime, and, as far as appears, only forms 
a crystallizable salt when the combination has lost 
part of its acid ; but that which it produces with 
oxide of lead is insoluble. Scheele therefore formed 
a malate of lead : this malate is in the same situa- 
tion as the citrate or tartrite of lime ; its insolu- 
bility does not i-esist the action of acids; it is 
therefore decomposed, and the malic acid is sepa- 
rated from it by means of the sulphuric acid, 
which produces a sulphate insoluble in the acids. 

The oxalate of lime has much more force of co- 
hesion than the tartrite or the malate : this diffe- 

* Ililaire Rouelle, Tableau de TAnal* cfaim, 
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rence obliged Scheele to have recourse td another 
process, when he was desirous of separating the 
oxalic acid from the alkaline base with which it ts 
found in an acidulous oxalate in some vegetable 
substances : he was obliged to seek for an oxalate 
which could yield its b^se to another acid, proper 
to form a more insoluble combination with it : the 
oxalate of barites offers this property; its insolu- 
bility is less than that of the oxalate of lime, for 
lime produces a precipitate in water which has 
stood over oxalate of barites ; it can also form an 
acidulous oxalate which crystallizes, but which 
can be decomposed by water like the acidulous 
sulphates (203) : in the neutral and solid state, 
oxalate of barites yields to the action of acids 
with more ease than the oxalate of lime : after 
having formed the oxalate of barites, it may, there- 
fore, be decomposed by sulphuric acid, this 
produces a sulphate with the base, which, on the 
contrary, has a much greater force of cohesion than 
the sulphate of lime. 

It is true that the oxalate of lime can be dis- 
solved by an acid, whence it arises that some 
chemists having considered the oxalic acid as very 
proper to detect the lime held in solution by an 
acid, others have observed that it was only a de- 
ceitful index ; but the uncertainty may be re- 
moved by saturating the acidity with ammonia, 
as is noticed by Darracq* ; because the excess of 

* Ann. de Cbim. Tom. XL. 
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the acid is no longer (^posed to the insolubility, 
which then has only the action of the water to con* 
tend with. 

Nevertheless, the force of cohesion of the oxa- 
late of lime seems too considerable, compared with 
that of sulphate of lime, for it to be decomposed 
by the sulphuric acid, as can be done with the 
malate and-tartrite of lime, or at least the process 
would only give an incomplete and much more un- 
profitable decomposition. 

The sulphate of lead has the same properties with 
respect to the oxalate of lead, as the sulphate of 
barites compared with the oxakte of barites. There 
are therefore two methods of separating the oxalic 
acid from its alkaline bases, and other similar ones 
may be found. The oxalic acid, thus disengaged 
from its base, does not differ from the acid which 
was known under the name of acid of sugar. 

From the force ofcohesion which is peculiar to 
them, the oxalic and tartareous acids have the 
property of forming insoluble combinations 
(199) with the bases which have little solubility, 
and, with the others, acidulous salts which have 
much less solubility than the neutral combina- 
tions with the same bases : in this case the acid 
produces an effect analogous to that by which the 
alkalis which have solubility precipitates the bases 
which are deprived of it, by diminishing the 
action exercised on them by an acid, by which 
it overpowered the effect of their force of cohesion 

(65). 
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The oxalic and tartareous acids therefore form 
salts with pot-ash, soda, and ammonia, which are 
much less soluble in tlie acidulous state than 
when they are in the neutral state ; but tlie tar- 
tareoHs acid possesses this property in a higher 
degree than oxalic acid : according to Bergman 
tiie acidulous tartrite of pot-ash requires 150 
parts of water to dissolve it, while the acidulous 
oxalate of pot-ash requires much leas, and shows a 
much smaller difference between its solubility and 
that of the oxalate of pot-ash. 

The acidulous tartrite of pot-ash tends therefore 
by its force of cohesion to separate from all the 
combinations in which it had acquired a greater 
solubility, and it has a tendency to form, in every 
circumstance in which the elements which com- 
pose it are present, and in a liquid state: in thia 
property are found, 1st, tlie cause of tlie partial 
decomposition of tartrite of pot-ash by a very weak 
acid, such as the acetic acid, which by its action 
on an akalinebase sufficiently weakens the force by 
which this base opposed the separation of the 
acidulous tartrite of pot-ash ; 2d, that of the 
partial decomposition of the sulphate, nitrate, tw 
muriateof pot-ash by the tartareous acid, which 
produces a precipitate of acidulous tartrite of 
pot-ash in the solutions of these salts, from wliich 
it carries off a portion of alkali. 

Soda forms a much more soluble acidule with 
the tartareous acid than the acidulous tartrite of 
pot-ash; hence it arises that the tartareous acid 

VOL. ir. ti does 
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does not produce a precipitate in salts with base of 
soda ; it is, however, very probable that if the 
experiment was made with much less water there 
would be also a precipitate : but the ammonia 
having the same property as the pot-ash, the tarta* 
reous acid abstracts a part of the base from ammo* 
niacal salts, to form the acidulous tartrite of 
ammonia. 

Although the acidulous oxalate of pot-ash has 
less insolubility than the acidulous tartrite of 
pot-ash, the oxalic acid has also, according to the 
observation of Scheele, the property of decompos- 
ing the nitrate of pot-ashj and also all the 
neutral salts with base of pot-ash and of soda ; 
but to obtain this decomposition, the saline solu^^ 
tions, and those of the oxalic - acid must be em* 
ployed in a state of concentration. 

387. The properties I have now examined belong 
to the ternary acids from tlie instant of their 
formation to their decomposition ; they are derived 
from the resulting affinity by which they tend 
to combine like a simple substance; from the 
greater or less disposition to take the splid state, 
which combines with that of the bases associated 
with them ; and from the condensation which is 
owing to the combination. The effects of this 
condensation differ according to the capacity for 
saturation ; they may also receive some variations 
from the figure which is determined (2 13), or from 
some other condition which escapes notice ; so 
that although the phenomena permit the principal 

action 
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action of the caus&swhichi lia^ejust pointed out 
to be perceived, the properties of each combina- 
tion must be ascertained by experiment, more 
especially as we have just seen that a small difTe- 
rence in the solubility by water, or By the acids, 
or in the force of cohesion, may become efficacious 
in deteniiining the combinations by which diffe- 
rent substances are separated, and a knowledge 
attained of those which belong to a compound, or 
are found in a mixture. 

From these absolute notions, let us proceed to 
those which may be formed on the composition 
and decomposition of these acids. I have sup- 
posed them, with Lavoisier, as formed of oxigen, of 
hidrogen, and of carbon, because this supposition 
is sufficient to form a clear idea of their general 
properties ; nevertheless azote enters into the com- 
position of the tartareous acid, according to the 
observation of Hassenfratz, and it probably con- 
tributes to its distinctive properties; in fact, 
wlientbe acidulous tartrite of pot-ash is calcined 
by a sufficient heat, the residue forms a little 
Prussiateof iron with the solutions of that metal, 
and when it is distilled, the liquid acid found in 
the receiver contains a little ammonia*: but as 
the influence which the azote may have on the 
properties of this acid is not perceived, 1 shall 
neglect this element here. 

If the attention is directed to the circumstances 
of the formation and decomposition of the ternary 

. * Tableau dd'AnaLChini. 
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acids, it is not enough to considerthetn as ccmbi-' 
nations of threie elements which only vary in their 
proportions ; but they must be considered as com- 
binations of oxigen with a compound substance^ 
in which the elements are more intitnately united, 
So thai they have all one base which differs in iti 
proportions, and its condensation; thus water, 
which is a combination of condensed oxigen and 
bidrogen, urirtes with oxigen gas, or oxigen gas 
dissolves in water, without this union being con- 
bfdered ais owing to these ddment^ tmit^ in the 
^ame state 6f condensation, and exercising a che- 
mical action which is only determined by the na^ 
ture of each substance. 

It seems therefore that, in the greater part of 
^he ternary acids, a substance composed of car- 
ibou, oxigen, and hidrogen, acts by a resulting 
force on the oxigen, and becomes acid by being 
-surcompounded with it ; this base seems to differ 
in these acids, either by the proportions of the 
elements which compose it, or by the constitution 
"which they preserve in it : but on this subject 
only conjectures can be formed. 

When nitric acid acts on a vegetable substance, 
the first acid formed is the malic : this acid is easily 
'decomposed by heat, and leaves a voluminous 
flight coal; similar to that obtained from saccharine 
substances*' ; it also readily experiences la sponta- 
neous decomposition. When the oxigenated mu* 

* Syst. des CoDD. Chim* 
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iiatic acid acts on vegetable substances, it can 
only exercise a weak action considering its state 
of dilatation, and by this means, only malic acid 
is formed; by an action rather stronger, the nitric 
acid produces oxalic acid, and it is probable that 
part of themalic acid which was first formed, ac- 
quires by this means the character of oxalic acid: 
this does not experience spontaneous decomposi- 
tion ; it offers more resistance to its decomposi- 
tion by fire, and scarcely leaves any charcoal, but 
is reduced into a liquid acid, which seems to apT 
preach the acetic acid, into carbonic acid gas, 
and oxi-carburated hidrogen gas. 

From these observations it may be concluded 
that the oxigen is more abundant, and more con- 
densed in the oxalic acid than in the malic ; that 
the latter partly retains the properties of a vege- 
table substance; and, that, in respect of its com- 
position, it should rather be considered as this 
substance acidified, or serving as a base to the 
oxigen, than as an acid resulting from the new 
union of its three elements; the stronger action 
of the nitric acid finishes by destroying the 
combination which the vegetable substance formed, 
and the oxaUc acid, much more powerful, and 
more durable, succeeds the malic acid ; so that of 
these two ternary acids, the oxahc seems to be 
that whose base retains the least of a peculiar 
existence. 

Some substances, besides the malic and oxalic 
acids, yield tliat which has been named saccho- 
! actio. 
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lactiCy because Scheele obtained it at first from 
sugar of milk, and the differences of composition 
which distinguish it are not yet known. 

To this name Fourcroy has substituted that of 
mucous acid : I do not think it right to adopt 
this denomination ; 1st, because it is not an ex- 
clusive property of the mucus to be capable of 
forming it : the sugar of milk is evidently a sac* 
charine substance ; 2d, because all mucus does 
not produce it ; gum Arabic does not yield any, 
while a great quantity of it is obtained from gum 
tragacanth ; Sd, because the termination in ous^ 
^s has been observed by Chenevix, supposes the 
property of undergoing a change analogous to 
that experienced by the sulphureous and phospho- 
reous acids when they pass to the state of sulphuric 
and phosphoric acids ; which does not happen with 
a:ny of those which I have designated as ter- 
nary acids. It is therefore with an inconvenience 
in the nomenclature which I do not disavow, 
and which perhaps ought to be rectified, that 
I retain the denomination of tartareous acid. 

328. The citric and tartareous acids seem to 
me to have relations to each other similar to those 
I have pointed out between the malic and oxalic 
acidst The citric acid has not yet been produced 
by means of the nitric acid, and Scheele, by sub- 
mitting it to the action of the latter acid, was 
unable to form x)xa1ic acid : Fourcroy and Vau- 
quetin succeeded in obtaining a small quantity from 
jt, but it wa3 by employing much nitric acid : 

XhtxQ 
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there is yet only one very doubtful observation on 
the formation of tartareous acid by nitric acid: 
the production of oxalic acid, by its intermedium, 
seems also either very difficult, or impossible. 

The tartareous acid decomposes spontaneously 
in the state of acidulous tartritc of pot-ash', and 
leaves the pot-ash in the state of a carbonate, unit- 
ed with a considerable quantity of oil : it is easily 
destroyed by the action of heat, yielding a little 
acid of another character, much oil, carbonic acid, 
and oxi-carburated hidrogen gas, and it leaves a 
voluminous coal. 

The citric acid resists its decomposition much 
more, and leaves much less coal : Fourcroy, who 
has given the analysis of it, makes no mention of 
oil; perhaps it is destroyed by the strong heat 
necessary to decompose this acid ; perhaps it 
might be obtained by decomposing a citrate; but 
that which induces me to suppose that it enters 
into the composition of this acid as well as into 
that of the tartareous acid, is, that I find, in this 
supposition, a reason why the nitric acid, which 
acts particularly on the hidrogen of vegetable 
bubstanccs, can neither produce this, nor the tar- 
tareous acid : besides, I observe tliat one of these 
acids easily takes the nature of the other by ve- 
getation ; thus Schcele observed that, before ma- 
turity, grapes contained only citric acid, and 
liouelle, as well as several chemists since him, ob- 
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tained acidulous tartrite of pot-ash, from the juic* 
of ripe grapes : it is notorious that a consider abls 
quantity is deposited in the vessels which co&taiil 
the wine. I conjecture, therefore, that these two 
analogous acids must have an oily substance for a 
base, whose proportion is greater in the tartareous 
than in the citric acid* 

539. The acetic acid is distinguished from the 
preceding by a much weaker disposition to assume 
tlie solid state, and by a greater volatility; so 
tliat, with the alkaline bases and with 1^ oxide% 
it forms much more soluble salts; and, by ita 
cldisticity, comes over in distiilatioa, without ex- 
periencing decomposition: hence also, when it is 
submitted to the action of heat, it gives the place 
it occupied in combinations, tx) the acids which 
are niore fixed, independently of the capacity for 
saturation (153). 

Priestley observed that the acetic acid Could 
take the form of a permanent gas, which he called 
vegetable acid air : but water absorbs it with fa* 
cility, and the acetic acid may be considered as a 
solution of this gas in water, whose specific gra- 
vity it augments but little. When this acid is 
itiuch diluted with water, it may be separated by 
congelation, but dnly to a certain point, for it 
terminates by congealing with it ; so that its con- 
centration is limited by this circumstance, and it 
cannot be brought to a t^rm which it could attain 
by other means, 

If 
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If the elastic disposition of acetic acid, and 
weakness of its acidity are considered, it will 
pear very probable tbat its distinctive properties 
depend on the state of dilatation in which the 
oxigen and hidrogen are fbuud in its composition. 

This conjecture is also supported by the circum- 
stances of its formation ; it is almost always by the 
absorption of oxigen gas from the atmosphere that 
it is produced, and this gas, opposing a resistance 
to its hxation, retains a part of its elasticity, as 
we have seen that that which was absorbed by the 
hidro-sulphurets formed sulphureous acid at first 
(290). 

If it is produced by treating vegetable sub- 
stances and alcohol with nitric acid and oxige- 
oated muriatic acid, it may arise from the oxigen 
which existed in these substances, although they 
were witiiout acidity: when distillation is em- 
ployed, the dilatation experienced by the elemen- 
tary parts may decide the formation of the acetic 
acid. There is not even a necessity for distillation 
to produce this effect; it is enough that an acid 
exercises a powerful action on a vegetable snb- 
tance, for this combination to be produced by the 
association which its elements tend to tbrm, by 
means of the heat which accompanies this action ; 
thus the sulphuric acid determines the formation 
of acetic acid by its action on several vegetaWe 
substances, as was observed by Fourcroy. 

In fact, the other ternary acids are changed by 
distillation into the acetic acid, or an acid analo- 
gous 
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gous to it, such as the pyromucous, the pyrotar* 
tareous, the pyroligneous, which differ so little 
from the acetic acid, that it is expedient to blend 
them in the chemical system, as has been proved by 
Fourcroy and Vauquelin : in this change a part of 
the base which forms these acids is retained by its 
fixity, and that which afterwards constitutes the 
acetic acid will receive the degsee of expansion 
which puts it in a state to support the distillation ; 
> but this consideration should render us cautious 
on the indications drawn from the products of dis« 
tillation : it does not follow because acetic acid or 
some analogous acid is obtained by it, that it ex- 
isted ready formed in the substance from which it 
is procured : so, when a compound acid is rectified 
by distillatioui and the properties of acetic acid 
are found in what passes into the receiver, it must 
not be concluded, without precaution, that this 
was the nature of the acid before distillation. 

The same chemists have also shown, lately, that 
the formic acid is only a mixture of the acetic and 
malic acids*. 

The other ternary acids may not only be changed 
into acetic acid when they abandon part of their 
charcoal by the action of heat, and when their 
elements, which least resist this action, separate 
by being volatilized ; but the same change may 
take place by the action of a metallic oxide ; thus 
when oxalic acid is treated with highly oxided 

* Bulletin de la Soc. Pbilpm^ 
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manganesei it experiences a decomposition in 
which carbonic acid and acetic acid are formed; 
the latter then combines with the manganese, and 
restores it to that state of oxidation wliich is 
suitable to its combination with this species of 
acid. Similar transmutations of ternary acids by 
metallic oxides, will doubtless be effected on many 
occasions : hitherto they have been little attended 
to, but they should not be lost sight of when the 
mutual action of these substances is examined. 

If the acetic acid is not decomposed by heat 
when it is free, this is not the case when it is re- 
tained by a base; then it supports a more con- 
siderable degree of heat, without being volatilized, 
and the most volatile of its principles separate and 
form more elastic combinations, carbonic acid, 
and an inflammable gas whicii appears to be car- 
burated hidrogen (Note XX)^ while a part of 
the charcoal is insulated, and forms a residue: 
the effects of this decomposition vary according 
to the energy of the base, and according to its 
nature, particularly if it is an oxide which con- 
tributes to it by the intervention of its oxigen ; 
thus with acetite of lead, an inflammable liquor is 
obtained whose properties are little known*. 
Tlie expansion which I suppose in the elements 
•* of the acetic acid, and the Meak union of its ele- 
ments explain the spontaneous decomposition of 
acetite of pot-ash, which is much more easy than 

• Rouelle, Tableau de V Anal. Chim. 
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that of the tartrite, and which; ii^ its result, yields 
911 alkali changed into a carbonate, and united 
vith a small quantity of a substance which has an 
oily appearance*. 

When the acetate of copper is submitted to 
distillation, the water is vaporized, and abandons 
this salt before the acid separates or is d^<^om- 
posed : after this, one part of the acid is decom* 
posed and reduce^ the oxide, while another part 
passes in the distillation in a great state of con* 
densation ; this is what ha3 been designated by the 
name of radical vinegar. 

330. Deceived by some appearances f, I was 
of opinion that the acid obt2|ined from the distil- 
lation of the acetate of copper, had properties 
which distinguished it from the common acid : 
on this foundation it was thought necessary to 
distinguish the acetic acid from the acetous, cqut 
^idering the first as owing to a greater proportion 
pf oxigen, and as analogous to the sulphuric and 
phosphoric acids, compared with the sulphureous 
and phosphoreous acids : it was fin e;&vib^rance of 
a new and copious theory. 

Adet examined this subject w^thmore care4 he 
has shown, 1st, that when the .^cetat^ of copper 
is distilled, the o;xigen lost by ^*he oxide is only 
employed in the production of the carbonic acid ; 
a very small qi^antity either serves for the for- 
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itiattoii of ^atefj or iiither enters into tlie compo^ 
sitmn of the oxi-c^rburated hidrogen, ^hich is 
found with \he carbonic acid ; 2d, that the acid 
obtained by distillidg acetate of copper, offers nd 
real difference froto the acetous acid, and that it 
fortttS cotabinations with the alkalinie bases which 
do not differ essentially ; 3d, that by oxigenating 
the acid considered as acetous, by means of the 
oxigenated muriatic acid, it is destroyed, instead 
of acquiring the properties attributed to the acetic 
acid ; 4th, that with the metals, the two acids 
formed tombinatrons exactly similar: he con- 
bluded that probably their difffer^nce depended 
only on the quantity of water, which is much 
greater in the acetous acid than in the acetic* 
Nevertheless, Adet observed some difference be- 
tween the combinations of the two acids with 
pot-^ash and soda, and Chaptal has shown that, in 
some circumstances, the acetous gave traces of 
a greater quantity of charcoal than the acetic, 
particularly when they were treated with sulphuric 
acid •. 

At length Darracq dissipated all the obscu;-ity 
which might remain on this subject f ; he has 
confirmed the greatest part of the results 
which Adet had published, and has shown, by 
many comparative experiments, that both acids 
produced the same combinations, and gave the 

• Ann. de Chim. Tom. XXVIL 
t lind. Tom. XLI. 
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same products in their decomposition ; that the 
only difFerence consisted in a little mucilaginous 
substance which separates when the acid, which 
had been considered as acetous, enters into com* 
binatioui and in a greater proportion of water ; he 
brought it to the state of acetic acid by distilling 
it several times over muriate of lime, which, at 
each operation retained part of the water, and 
then he was able to form ether witb this acid and 
alcohol, as with the acetic acid obtained from 
acetate of copper. It is therefore indubitable 
that tlie acetous acid must not be longer distin* 
guished from the acetic, and that only the latter 
should be retained in the nomenclature. 

It is therefore the affinity of the acetic acid 
for water, and the slight difFercAce in their vola- 
tility, which hinders it from being sufficiently 
deprived of this liquid to attain the point of con* 
densation which it has when it is obtained from 
the acetate of copper : congelation is not capable 
of separating this water, because, as I have already 
remarked, the acetic acid itself congeals with it, 
when the temperature is reduced to the point 
which is requisite to separate the water com- 
pletely. 

Westendorf has given a method of procuring 
the acetic acid in a very advanced degree of con- 
centration, by distilling the acetate of pot-ash 
with half its weight of sulphuric acid; Lowitz 
has improved the process, by means of which he 
obtained the highest degree of concentration ; for 

thi« 
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this purpose, he distilled three parts of acetate of 
pot'-ash with four parts of sulphuric acid ; the 
excess of the sulphuric acid retained the water 
which the acetate of pot-ash had held, and which 
would have passed with the acetic acid in the 
distillation ; he distilled the acid obtained in the 
first distillation, a second time, witli acetate of ^ 
baritesy which retained the sulphuric acid that 
might be in it, and after this the acetic acid was 
so condensed that it was reduced into crystals*. 

Two other volatile acids, the benzoic ^nd the 
succinic, seem to have a resin, or rather a volatile 
oil for a base, so that they are easily inflammable; 
their acidity is so weak, that it is difficult to deter- 
mine the properties of their combinations, and 
that we have but an imperfect, and even contra- 
• dictory knowledge of them ; thus the benzoate 
of lime is considered as possessing a tolerably 
great solubility, and nevertheless it is said that 
lime water forms a precipitate with the benzoate 
of pot-ash, without the cause of this difference 
being determined. 

The composition of the benzoic acid is deserving 
of particula/ attention, not only because it exists 
in several resinous substances, but particularly 
because it is found in the urine of infants, accord- 
^ing to the observation of Scheele ; and in tliat 
of all the herbivorous animals, and in dunghill- 
waters, according to those of Fourcroy and 
Vauquelin. 

• Journ. de Van Mons, No. IV. 
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With respect to the composition of the tertiary 
tcicis, I have i«lttlged myself in conjectures 
Vbich ahould not be confounded with the, conse- 
quences which I have drawn from the distin- 
guishing properties of these acids^ and which are 
ascertained t^ experiment. 

From these last considerations, I have deduced 
t^ properties of the combinatiens wliidi they 
form, and especially those which depend ^on the 
force of cohesion belonging* either to the acid^ 
or to the base with which it unites, and which is 
increased by the condensation produced i^ the 
combination* 



* 



CHAR ir. 

Of the Prussic Acid* 

331. The ternary acids which I have consi- 
dered in the preceding chapter, have a constitution 
which is but little liable to vary, so that they re- 
tain properties in their combinations which niay 
always be compared with eaph other, and which are 
always analogous to those of other acids which 
act by a direct> or by a resulting affinity^ while 

they 
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they do not experience decomposition : it is not 
30 with the Prussic acid; its constitution expe- 
riences great variations which modify its pro- 
perties considerably. In this respect it may be 
compared with the oxigenated muriatic acid, witli 
this difference that it is much further removed 
from the acids, and that it does not, in reality, 
take this character except when it is sur-com- 
pounded. 

The Prussic acid at first only engaged the at- 
tention of chemists by the properties of prussiate 
of iron, the discovery of which was owing to 
chance: Macqiier learnt to combine the peculiar 
principle of it with the alkalis, and to cause it to 
pass, by their means, into other combinations; but 
only idle conjectures were formed on its formation, 
and on its distinctive properties : it is to Scheele 
that we are indebted for the means ofiusulating 
it; for the knowledge of the chemical qualities 
it possesses in this state; and for that of the 
greater part of the combinations it can form. 

Since the properties of the Prussic acid dis- 
covered by Scheele, and those which have been 
since recognized, seem to me to have been passed 
over in an incomplete manner in the chemical 
treatises ; since even lately, ideas have been formed 
of these combinations which appear to me to be 
inaccurate, I shall examine them with some par- 
ticularity. I am the more induced to this by its 
importance in the arts, and in the analysis of ani- 
mal substances, from %vhich it is produced. 

. # Scheel^ . 
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Scheele, having mixed an acid with the 
of pot-ash and iron, for which we are indebted 
to Macquer, and which I shall only designate by 
the name of prussiate of pot-ash, observed that 
on submitting the mixture to distillation, a liquid 
passed which contained the colouring principle, 
and that during this operation, prussiate of iron 
remained in the retort : this liquid does not change 
the vegetable colours ; when it is combined with 
the alkalis, it does not neutralize them in the 
manner of the acids ; all the acids disengage it 
from this weak combination, and the carbonic 
acid which is found in the atmospheric air is 
aufficient to produce this eifcct ; it appears also 
tliat the dissolving action of the atmospheric air 
can disengage it, for the alkalis do not entirely 
suppress its odour : if, therefore, an acid is poured 
on this combination, the substance which is called 
Prussic acid is disengaged by taking the elastic 
state, and the liquid no longer forms a blue preci- 
pitate with solutions of iron, or only yields a 
small quantity : if the liquid containing the 
Prussic acid and pot-ash is boiled with oxide of 
iron, or if a little solution of iron is added to it, 
the oxide enters into combination with the Prussic 
acid, and gives it new properties ; another acid no 
longer drives it from its combination, unless heat 
is employed, or the mixture is exposed to tl 
light. 

It is in this state that the Prussic acid passes in 
combination with an alkali, of any kind, when it 



I 



Hi 



u^^ 



PRUSSIC ACID. 211 

18 made to act on prussiate of iron : pot-ash and 
soda saturated with Prussia acid, and with a 
suitable portion of oxide of iron, crystallize; the 
prussiate of pot-ash obtained in this manner forms 
yellow crystals of an octahedral figure, of which 
two opposite pyramids are truncated at their base, 
from whence result square plates whose edges are 
bevilled. 

The solution of these crystals does not change 
the blue or yellow papers : the Prussic acid, which, 
without the oxide of iron, offered only the weak 
acid property of precipitating sulphurets, and dis- 
turbing the solution of soap, has therefore taken, 
by means of the oxide of iron, a much more power- 
ful character of acidity ; nevertheless it has still 
particular properties which distinguish it, and 
which more especially depend upon its strong 
action on some oxides. 

332. When an alkali acts on prussiate of iron, 
it will require a great quantity of it to be capable 
of carrying off all its Prussic acid ; it only makes 
a division; the oxide of iron retains a variable 
proportion of Prussic acid, according to the 
power of the alkali, and then forms another prus- 
siate, of a yellow colour, bordering more or less 
on red, and which, to distinguish it from the blue 
prussiate, may be called prussiate with excess of 
iron : but this yellow prussiate may have very 
variable proportions of the elements which com- 
pose it*. 

• Mem. de 1" Acftd. 1787- 
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If an acid is poured over this prussiate a new 
division is made, but it is the oxide of iron which 
is the object of it : the new acid takes one portion, 
and leaves the other in the state of blue prussiate, 
which may afterwards be brought to the state of 
yellovir prussiate by the action of an alkali : by 
these successive opp(Jsite actions the decomposition 
of the bl ue prussiate is accomplished . 

In exercising this action on the blue prussiate^ 
the alkali dissolves an excess of oxide of iron : 
hence it arises that if an acid is poured into it, a 
blue precipitate is instantly formed. As these 
alkaline prussiates are used to discover the pre- 
sence of iron, different methods have been sought 
of separating the oxide of iron, which was sup- 
posed to be wholly foreign to the alkaline prussiate; 
but that which is essential to this prussiate, and 
vhich is not precipitated by the acids, must be 
distinguished from that which is in excess, and 
which from being precipitated by the acids, may 
lead to an error on the existence of iron which it 
is wished to discover in a substance : the method 
which appears to me to be the most simple consists 
in lightly calcining, or rather roasting, the prus- 
siate of pot-ash obtained by a first crystallization, 
and afterwards proceeding to a second crystalliza- 
tion : the crystals obtained in this manner may be 
considered as constant in their composition. Sco- 
poli advised the exposure of a mixture of prussiate 
of pot-ash, and an acid, to the solar rays ; but by 
thismeaiis the prussiate of pot-ash is entirely de- 
composed ; 
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composed; here the light acts, as the lieat does at 
the degree of ebullition (127); the prussiate of 
iron is precipitated, and the surplus of the Prussic 
acid exhales ; but it must not he overlooked that 
when heat is employed, or the mixture which has 
been made is exposed to the liglit, the best pre- 
pared alkaline prussiate abandons blue prussiate, 
which may easily lead to error. 

In the method of purification which I have 
recommended, a yellow precipitate is made, and 
a similar precipitate is formetl when solutions of 
unpurified alkaline prussiates are kept ; it is a 
prussiate with excess of oxide, which may be also 
brought to blue by means of an acid. 

The carbonates have also the property of taking 
the Prussic acid from the blue prussiate ; Bergman 
noticed this in carbonate of lime, and Fourcroy in 
the carbonates of magnesia and barites ; but when 
successive operations are made, it happens in the 
last of them that the oxide of iron which is the base 
of the residue, retains all the carbonic acid, and 
the prussiate which is formed does not contain any. 
It is supposed that when a solution of iron is 
precipitated by the prussiate of an alkali, an exact 
change is made, that the alkali combines with the 
acid, while the Prussic acid passes into combina- 
tion with the oxide of iron ; but this is not what 
takes place : although the alkali may be in a 
much greater quantity than is requisite for satu- 
rating the acid of sulphate of iron, for example^ 
the super-natant liquid retains sulphuric acid in 
excess ; 
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excess ; the first washings also give indications 
of acidity, and when these indications cease, the 
liquid, on the contrary, contains a prussiate of 
the alkali, which gives a blue precipitate when 
an acid is mixed with it : a liquid entirely 
deprived of prussiate of alkali, can hardly be 
obtained by a great number of washings. 

Hence it follows that the prussiate of iron takes 
a considerable quantity of prussiate of alkali which 
does not contribute to its colour, or only modifies 
it : this explains the great weight of prussiate of 
iron precipitated from a solution of this metal, by 
means of prussiate of pot-ash, compared with that 
of the oxide which enters into its composition. 
Bergman observed that the Prussic acid, contained 
in 1S8 parts of Prussian blue, was capable of satu- 
rating nearly 218 of pot-ash ; now, this quantity of 
pot-ash is very superior to that which is necessary 
to saturate the acid of the sulphate of iron which 
could form these 128 parts of prussiate of iron. 

333. What precedes shows that the Prussic acid, 
by itself, has only so weak an action on the alkalis, 
that it ought not to be classed among the acids ; 
that by the addition of the oxide of iron (and other 
oxides can produce the same effect) it acquires 
much more analogy with the acids; that in this 
state it can form variable combinations with the 
alkalis, but that they may be brought to a uniform 
state, in which the acids do not act on their com<- 
position, unless heat and light are employed ; 
t^hat when these prussiat^s decompose nr/etallic 

lolutiofls, 
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solutions, it is not a simple exchange of base which 
is made, but part of the alliali enters into the 
insoluble combination. 

With respect to the combination of the Prussic 
acid with the oxide of iron, it is obvious that, 
according to the state of the forces which act, it 
can be formed in different proportions, which 
cause a variation in its colour and in its properties ; 
but that it may be vaguely distinguished into blue 
prussiate and yellow prussiate. 

334. A celebrated chemist, Proust, has offered 
an opinion on the state of oxidation of the iron 
which forms Prussian blue, which has been adopt- 
ed, but which, however, does not appear to me to 
be founded : Proust considers only two degrees of 
oxidation as possible in the solutions of iron, that 
of the greatest, and that of the least oxidation. ' 
With the sulphate in which the iron is least oxitled, 
the Prussic acid forms a white prussiate, and this 
only passes into the bine state when its metal 
takes the most oxided state by means of the 
ox igen which it attracts powerfully from the at- 
mosphere*. 

1 made a mixture of prussiate of pot-ash and of 
the least oxided sulphate of iron ; I observed that 
the sulphate of iron retained its taste, though it 
was mixed with a considerable proportion of prus- 
siate of pot-ash; 1 added to it a certain quantity 
of distilled water, and immediately the mixture 

* Jouia. de Ph;9. Tom, XUX. 
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became of a deep blue with a greenish tinge ; a 
little muriatic acid gave it a blue colour, without 
a possibility of suspecting any sensible action from 
the atmospheric air, considering the rapidity of 
Xhe successive operations. 

I formed white prussiate in a glass, and convey- 
ed sulphuric acid to the bottom of the vessel ; all 
the lower part which the sulphuric acid could 
reach became of a beautiful blue, while the upper 
part retained its whiteness : nevertheless, I find a 
contrary assertion in Proust's memoir; it is said 
there, the sulphuric and muriatic acidsy poured 
into the white prussiate of irorij do not occasion 
any change in it: experiment must decide be- 
tween us. 

I put some white prussiate into a small flask, 
which I filled with muriatic acid, and corked it 
instantly ; it became perfectly blue : the expferi- 
ment had the same success with sulphureous and 
with phosphoreous acids. 

It will, no doubt, appear clear to those who repeat 
these easy experiments, that it is not necessary that 
the iron should be at the highest d/5gree of oxida- 
tion to form a blue prussiate : but the formation 
and difference of that which is called the white 
prussiate must be explained. 

In treating the metallic solutions, we find that 
the oxide of iron tends much more strongly to the 
sulphuric acid when it is little oxided than when 
it is much so j therefore the sulphate of iron which 
is but little oxided is not decomposed by prussiate 

of 
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of pot-asli ; nevertheless, these two substances ex- 
ercise a mutual action which separates them from^ 
the small quantity of water which they contain; 
hut if this quantity is sufficiently augmented, the 
action of the sulphuric acid is so weakened that the 
combination of the oxide of iron with the Prussia 
acid can be formed : the oxide of iron in this com- 
bination is also in too great a proportion, which is 
the cause of thegreenisli tinge, which disappears by 
the action of an acid. It must also be remarked 
that a very oxided sulphate of iron acts by the 
excess of acid which it necessarily has- 

When an acid is poured on a white prussiate it 
tends to combine with tlie alkali, and thus the 
action of the Prussic acid on the oxide of iron ia 
augmented : the sulphureous and phosphoreous 
acids which tend to take oxigen, and the muriatic 
acid which cannot yield any, produce this effect, 
as well as the acids which yield their oxigen with 
facility. 

If the white substance is left in contact with 
the air, the sulphate, by becoming oxided to a. 
higher degree, loses the property of forming a 
white prussiate immediately ; so that the real dif- 
ference which exists between the sulphates, in this 
respect, consists in that which is little oxided be- 
ing unable to form a blue prussiate unless it is di- 
luted with a certain quantity of water, but with 
this single condition they can alt produce it. 

There is nevertheless some difference between 
the blue prussiates according to the state of oxi- 
dation : 
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dation : that in which the iron is little oxided has 
a clearer blue, and precipitates much less readily 
from the liquid ; kept in the air in a humid state, 
it attracts oxigen from it, and oxides more and 
snore; but I do not know whether it acquires the 
same degree of oxidation as that which is imme- 
diately formed by a very oxided sulphate, or 
whether the oxidation stops at a certain term. 

335. We have just seen that the Prussic acid, in 
the common prussiate of pot-ash, owes the greatest 
part of its energy to the oxide of iron : this strong 
action of the Prussic acid on the oxides is not con- 
fined to the oxide of iroii ; but it is very unequal 
in respect of the different oxides, so that, as yet, 
no general principle can be established on this 
subject. 

The Prussic acid exercises so strong an action 
on the oxide of mercury, that the oxigenated 
muriate of mercury decomposes the prussiate of 
iron, and causes the colour to disappear : the cir- 
cumstances of this decomposition, observed by 
Scheele, are not yet known. 

The red oxide of mercury decomposes the prus- 
siate of iron with ease, and forms a soluble combi- 
nation with the Prussic acid, from which prisma- 
tic tetrahedral crystals are obtained. This com- 
bination is not decomposed either by lime, by pot- 
ash and soda, or by muriatic acid, but is so by 
the action of sulphuric acid on the iron ; this, in- 
stead of decomposing water, takes the oxigen from 

the mercury» and then the Prussic acid, set at 

liberty, 
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liberty, passes in distillation, and carries with it 
a little sulpliiiric acid; to deprive it of this, the 
liquid is submitted to asecond distillation, adding 
to it a little alkali, which retains the sulphuric 
acid. Schecie found this the best method of ob- 
taining the Prussic acid pure, because with the 
common prussiate of pot-ash, a great part of this 
acid is retained by the oxide of iron, which thus 
forms blue prussiate. 

With this pure acid, or with its combinatioti 
with lime, Schcele made different experiments on 
the metallic oxides and solutions, which prove 
that it exercises a much stronger action on some 
of these oxides than the most powerful acids, but 
they require new elucidations : I shall confine my- 
self to relating some of his results. 

The oxides on which the Prussic acid showed 
the most action are those of mercury, iron, gold, 
silver, and copper ; the solution wliicli it makes 
of theoxideof silver is not precipitated either by 
muriate of ammonia, or by muriatic acid. The 
precipitate which it forms in sulphate of copper is 
dissolved in ammonia without changing; its colour, 
it can itself dissolve the precipitate which it gives 
at first, and this also takes place with silver : it pre- 
cipitates gold, white, but when it is added in ex- 
cess the precipitate is redissolved ; this solution is 
as colourless as water; the precipitate is insoluble 
in the acids. 

The Prussic acid has a great disposition to form 
pornplex salts, as I have noticed in the prussiate 

of 



k 



S20 TEHNART ACIDS. 

of iron, which retains much of the alkali ; thus, 
muriatic acid disengages a portion of the Prussia 
acid from prussiate of mercury, and the residue 
crystallizes in needles ; this combination yields a 
white precipitate with the alkalis and lime-water. 
By mixing prussiate of pot-ash with a solution of 
nitrate of barites, crystals M^ere formed which 
seemed to me to be composed of two salts, which, 
of consequence, must be a less soluble salt than 
its components : if the solution of barites is diluted 
with water to a certain point, no precipitate is 
formed ; I also obtained a precipitate with sul- 
phate of alumine, and Chenevix made use of the 
property of precipitating alumine*, possessed by 
the alkaline prussiates; but the composition of 
this precipitate requires examination, to form 
conclusions on the quantity of alumine found in 
it, and which it can indicate by its weight 

Henry has made some experiments which seem 
to prove that when barites, or a solution of barites 
in an acid, is mixed with an alkaline prussiate, 
prussiate of barites is gradually formed which pre- 
cipitateis : it must, however, be better ascertained 
that it is not a compound salt which is precipitated, 
as I believe it to be. 

- He concluded from his experiments that the 
Prusslc acid has more affinity for barites than for 
pot-ash; that the barites precipitates with the 
acid which it takes from the alkaline prussiate by 

. * Philos. Trans. 1802. 

doubte 



*• 



PRUSSrC ACID. 

double decomposition ; and, that this character 
approximates it to the metallic substances, as has 
been thought-by many chemists. 

Guyton has shown that this exchange of base 
is not a proof of a metallic character, and ex- 
plained it by a preponderance of divellent affini- 
ties*. 

In these different cases, the Prussic acid, hold- 
ing oxide of iron, seems to me to comport itself 
like the other acids whose least soluble combina- 
tions are formed and separate, according to the 
state of the substances which exercise the chemi- 
cal action. 

The prussiate of barites, being less soluble than 
the others, deprives them, therefore, of their Prussic 
acid, at least to a certain point, particularly when 
the substances are in the neutral state; but this 
effect corresponds with its insolubility which is 
not absolute; so that with a certain "quantity of 
water, the precipitation does not take place. 

When the Prussic acid has formed a triple 
combination with an earthy base and carbonic 
acid, a new quantity of the base forms a precipitate 
which is a carbonate ; and if carbonate of pot-ash 
is added to a solution of prussiate of barites, as was 
done by Henry, carbonate of barites precipitates, 
and prussiate of pot-ash remains, which could be 
afterwards decomposed by tlie barites : but in all 
its effects, the disposition of the Prussic acid to 

• Aim. de Chim. Tom. XUII. I 
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form complex combinations must not be lost siglit 
of. 

336. If oxigenated muriatic acid is mixed with 
Prussic acid, the first resumes the state of muriatic 
acid, and the second acquires amuch more power- 
ful smell, and seems to have become more volatile ; 
it does not acquire the property of combining more 
freely with the alkalis ; it even seems to possess it 

■ in aless degree, for pot-ash, soda, and lime only 
weaken its penetrating odour without causing it to 
disappear. In this state it does not form a blue 
prussiate with the solutions of iron, buta green 
precipitate, provided the liquids are sufficiently 

• concentrated ; for this prussiate is soluble. 
If this precipitate is exposed to the light it 
becomes blue, but it retains its green colour if it is 
kept in the dark : it is instantly converted to blue 
by pouring sulphureous acid upon it. A blue 
precipitate is also obtained if a little sulphureous 
aCid is mixed with the oxigenated Prussic acid 
before it is used for the precipitation. 

When the green sulphate is put into oxigenated 
muriatic acid, and a solution of prussiate of pot-ash 
is poured into it, the green precipitate which forms 
also in this case, is redissolved ; it may then be 
precipitated blue by sulphureous acid, or by sul- 
phate of iron, or by simply putting iron into it ; 
so that the oxigen which changes the properties of 
the Prussic acid is feebly retained in it, and caa 

t easily be taken from it 
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337. When a prussiate is distilled, ammonia and 
carbonic acid are formed, but no oil. From these 
products it may be inferred that Prussic acid 
contains azote, hidrogcn, and carbon. 

This composition explains the circumstances 
nesessary to its formation : it is by calcining 
animal substances with the alkalis that it is pro- 
duced : these substances furnish the three materials 
necessary to its' production ; the charcoals of 
animal substances have the same property, which 
proves that they retain azote notwithstanding the 
action of the fire: the common charcoals with 
which the alkalis are calcined do not yield it, or it 
jsinsosmalla quantity that it can only be attribut- 
ed to the small portion of animal substance which is 
found in most vegetables ; but if muriate of ammo- 
nia is projected into this heated mixture, as 
was done by Scheele, then Prussic acid is for- 
med. 

It is not necessary to treat animal substances 
■with the fixed alkalis to give rise to the Prussic 
acid : Scheele has proved that the liquor which he 
obtained from the distillation of hartshorn and 
bullock's blood contained it 

When the Prussic acid is brought, by the action 
of oxigenated muriatic acid, into a state to form 
a green precipitate with iron, it hasthe property 
of being converted into ammonia, when it is mixed 
with a fixed alkali, or with lime, so that as soon 
as the mixture is made, there is an abundant dis- 
engagement of alkaline vapours, and, if an acid is 
afterwards 
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afterwards poured into it, the odour of the Prussic 
acid is not restored, which proves that it is des- 
troyed, but carbonic acid is disengaged : 

From these facts I have concluded that the 
Prussic acid does not contain oxigen ; that when 
it receives it from the oxigenated muriatic acid, 
the presence of an alkali is sufficient to subvert it 
by the formation of carbonic acid and ammonia ; 
and, that when a metallic prussiatc, or a prussiate 
containing an oxide, is distilled, the oxigen which 
quits the metal produces the same effect as that 
yielded by tlie oxigenated muriatic acid in the 
experiment of which I have just spoken, and that 
by this the metal is more or less reduced : in fact, 
according to the observation of Scheele, in the dis- 
tillation of prussiate of copper, the oxide was found 
to be restored to the metallic state. It is probable 
that oxi-carburated hidrogen is formed in this 
distillation. Scheele relates that having brought 
a light near to a receiver which he used in the dis- 
tillation of prussiate of pot-ash with sulphuric 
acid, the vapour which it contained inflamed. 
Could the Prussic acid itself have this property ? 
He says that he did not succeed in obtaining it in 
the state of gas. 

Fourcroy has opposed an observg.tion which he 
made to the opinion I have offered on the compo- 
sition of Prussic acid. In distilling animal sub- 
stances with nitric acid he obtained Prussic acid ; 
whence he concluded that the nitric acid must 
have furnished the oxigen, which he, in conse- 
quence, 
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queiice, considers as one of the necessary ele- 
ments in its composition; but it appears to me 
that the formation of Prussic acid, in this 
case, is no more a proof that it contains oxigen, 
than that of ammonia, in which the existence of 
oxigen is not suspected, and which, in many in- 
stances, is also produced by the action of nitric 
acid. The properties of Prussic acid cannot 
themselves furnish a proof that it contains oxi- 
gen ; for the substance with which it has the 
greatest coincidence of properties, sulphurated 
hidrogen, certainly does not contain oxi- 
gen (289). 

. It appears to me difficult to suppose the 
existence of oxigen in a substance which 
contains elements so disposed to form peculiar 
conibinatioHH with it, such as hidrogen and car- 
bon, and which can sustain an elevated degree of 
heat without experiencing decomposition ; but 
these considerations do not afford a rigorous 
proof, and we must suspend our decision on this 
point until an exact analysis of the Prussic acid, 
disengaged from every other substance, has been 
obtained. The following observations also add 
to the uncertainty which may remain on this 
subject; nevertheless, in the explanations which 
follow, I shall employ the hypothesis of a 
composition in which I shall not admit oxigen, 
but which is easily capable of the modification 
which oxigen would require, if its existence 
should be proved. 

VOL. II. H 333. To 
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338. To conceive the formation of Prussic 
acid, it must be supposed capable of remaining 
unaffected, with the alkali with which it is com- 
binedy in the midst of a great heat, or else that 
it is only produced at the moment in which the 
azoted charcoal and alkali, which have entered 
into a mutual combination, are wetted, as the 
sulphurated hidrogen of the alkaline sulphurets is 
not really formed until the moment at which the 
sulphurets enter into communication with water. 
By azoted charcoal I here mean that which is 
obtained from animal substances, or which has 
the properties of it ; because it is by the azote that 
it, in this case, produces effects different from 
those of common charcoal. 

The latter supposition seems to me much more 
probable than the first. In factj if a prussiate is 
exposed to a heat, less powerful even than that 
required for the calcination in which it is pro*> 
duced, it is disengaged, or decomposed ; it could 
not therefore have supported the high degree of 
heat of the calcination if it had been previously 
formed in it 

When, after having calcined the alkali with an 
animal substance, it is thrown into water, ammo- 
niacal vapours instantly exhale; and if the liquor 
is submitted to distillation, a considerable quan- 
tity of ammonia passes over. It cannot be sup- 
posed that this ammonia existed before the action 
of the water, and that it was retained by the 
charcoal and the alkali, to be afterwards sepa- 
rated 
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rated from them with the greatest facility ; it 
must have been produced by the action of the 
water itself; there can be no doubt in this re- 
spect ^ 

The liquid obtained by the lixiviation of the 
azoted charcoal, which has been calcined with 
the alkali, contains sulphurated hidrogen; no\v 
it is proved that the latter is only fprmied by the 
action of the water. Here, • therefore, are two 
analogous substances which can only be produced 
by the assistance of the action of water. 

It seems to me that the alkali begins by dis- 
solving the charcoal, and for this requires a 
strong fire; sulphur is found in this charcoal, 
and forms a sulphuret ; this being brought into 
contact with water, produces a sulphate and hi-* 
drogenated sulphuret. 

The charcoal contains azote, which, by the 
concurrence of the action of the water, gives 
rise tt) ammonia and Prussic acid. The hidjogeu 
of the water forms the first with a portion of the 
azote, and another portion of the latter combines 
with the carbon and hidrogen to produce the 
Prussic acid. The proportions of these two sub- 
stances will vary according to indeterminate cir- 
cumstances ; however, a great part of the char- 
coal, which was held in solution, retains J:he 
oxigen of the water, and forms carbonic acid, 
which remains in combination with the alkali, 
whose action is thus divided among the Prussic 

Q 2 acid, 
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acidi the carbonic acid, the sulphurated hidrogen^ 
and the sulphuric acid. 

The properties we have discovered in the Prus- 
sic acid do not admit of its being ranked with 
the acids. When its action is not assisted by 
that of the oxides, it has only a weak affinity 
with alkaline substancesi which is very far from 
being able to produce that saturation, and that 
state of neutralization of the opponent properties 
which appears to me to constitute the distinc- 
tive character of acidity (37). 

The name of acid can therefore only be pre- 
served to it by an extension of the nomenclature, 
which is authorized by the conveniency of de- 
signating the combinations of it, which are ge« 
nerally very complicated. 

That which appears principally to distinguish 
this substance is the strong action which it ex- 
ercises on the oxides, and the property of form- 
ing energetic combinations with them. But the 
oxides offer a great difference in this respect; 
and it would not be easy, in the actual state 
of our knowledge, to determine on what condi- 
tions this inequality of action depends. 

By means of the oxides, the Prussia acid ac- 
quires properties which have much more analogy 
with those of the acids : it usually owes this mo« 
dification to the oxide of iron; but some others 
can produce the same effect : and Scheele cites 
those of gold, silver, and copper. By the action 

of 
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of the oxide, it takes a much greater state of 
condensation, and it exercises a resulting affinity 
entirely different from that which is peculiar to 
it. It may be conjectured, that it is the oxide 
itself, or rather its oxigen, which, by the solu- 
bility acquired by the oxide, and by the division 
of the action of the metal on this oxigen and on 
the Prussic acid, principally communicates to the 
combination the properties which approximate it 
to the acids. 

However this may be, it has been seen that the 
prussiates, and particularly that of iron, are not 
limited to the two extreme terms of oxidation, 
but that, in this respect, they follow the general 
laws of combination ; that they form and separate 
as soon as the opposing forces can yield to their 
action ; and that, in the proportions of all their 
elements, they are subject to all the variety to 
which the chemical action does not offer any ob- 
stacle. The facility with which Prussic acid can 
form complex combinations must not be lost 
sight of. 
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CHAP. III. 
Of the Gallic Add. 



339. The gallic acid would not deserve par- 
ticular attention for its acid properties, if its ac- 
tion 
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tion OB the metallic oxides did not render it of 
importance to the arts^ and if the knowledge of 
its relations with tannin» discovered by Seguin^ 
did not serve to explain and to direct several pro^* 
pesses ; but I shall employ myself more particu<i> 
larly on this subject in another work: here I 
shall only examine the characteristic properties of 
the gallic acid. 

The gallic acid, prepared by Scheele's process^ 
that is to say, by extraction from the gall-nut 
by means of water, and by a spontaneous and 
slow evaporation, has only weak acid properties ; 
it, however, forms salts which are insoluble, or 
but little soluble, with lime, barites^ and stron* 
tian, but it is more soluble in alcohol than in water. 
Scheele also obtained an analogous salt, which 
sublimed in a distillation made very slowly and 
with much precaution ; he obtained a considera<* 
ble proportion of lamellated, white, transparent 
crystals: these crystals have a different taste; 
they have not exactly the same properties, and 
must not be confounded with the first acid ; but 
they prove that the gallic acid is a substance in- 
constant in its composition. 

In fi£ct, if gallic acid is held in solution in 
water, it experiences a gradual decomposition; 
when it is distilled briskly, it is almost wholly 
decomposed, leaving itiiich charcoal. If the so- 
lution of gold and that of silver are precipitated 
by this acid, the oxides which enter into the 

precipitates resume the melaliie statet 

The 
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The gallic acid, therefore, readily experiences 
changes in its compositipn, and the carbon, 
which is abundant in it, will, in its decomposition, 
give it the appearance of a burnt substance, in 
which the charcoal is become predominant. 

340. Proust has applied the principles, which 
he adopted in the prussiates, to the combination 
of gallic acid with oxide of iron. According to 
him, the Prussic acid can only combine with the 
oxide of a sulphate when it is oxided at a maxi^ 
mum. He observes, that when gallic acid, or 
an infufion of gall-nuts, is mixed with a solution 
of green sulphate, the mixture does not Iqsc its 
colour, and only blackens at the surface by the 
contact of the air. I diflfer from this opinion, 
as well as from that of the same chemist on the 
combinations of the Prussic acid. 

When green sulphate of iron is mixed with 
an infusion of gall-nuts, it is true that it does 
not produce a black colour, and that by leaving 
it exposed to the air it acquires this colour, which 
is propagated from the surface to the rest of the 
liquid. This eifect is really owing to the fixation 
of the oxigen ; but it is only necessary to di- 
lute the uncoloured mixture with a quantity of 
distilled water, and it takes a black colour imme- 
diately. This change cannot be attributed to 
the*)xigen contained in this water, for the iron 
must take nearly double what it contains in the 
«tate of black oxide to pass to the state of red 
oxide^ and distilled water cannot furnish this 

quantity ; 



\ 



SSS TERKAItT ACIDS. 

quantity ; but this opinion may be combated by 
more incontrovertible proofs. 

It is only necessary to add a little alkali, and 
the mixture immediately becomes coloured, with- 
out the contact of the air. Let a small quantity 
of iron filings' be put into a flafkfuU of this mix- 
ture^ and it acquires colour rapidly ; and when it 
is uncorked, some bubbles- are disengaged, which 
doubtless are hidrogen gas. 

When pulverized gall-nuts are boiled in a re- 
tort, as was done by De Laval and Priestley, hi- 
drogen gas is disengagedj and it dissolves iron, 
which forms a black liquor, a true ink. In these 
operations the iron could not. have passed to the 
state of red oxide, and nevertheless it formed a 
black combination. 

A solution of iron, very little oxided by acetic 
acid, immediately forms a black colour with gall- 
nuts. 

It cannot, therefore, be maintained that the 
iron requires to be in the state of red oxide to be 
capable of combining with the gallic acid; but 
it cannot form with it the commencement of the 
precipitation to which the black colour is owing, 
when it is in the state of a green sulphate ; be- 
cause then the sulphuric acid has too much 
power over this oxide, and retains it too strongly. 
It is for the same reason that the prussiate of 
pot-ash cannot produce the blue prussiate, as we 
have seen. Let the action of the sulphuric acid 
be weakened ^ by a sufficient quantity of water* 

and 
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aad both combinations take place. With the 
gallic acid, pot- ash produces an effect similar to 
that of an acid with prussiate of pot-ash ; the 
iron, acting on the sulphuric acid, weakens the 
action which it exercises on the oxide, with 
which it is united, so as to permit it to com- 
bine more intimately with the gallic acid. A 
greater oxidation is injurious to the union of 
the sulphuric acid with the oxide of iron, and 
* thus favours its combination with the gallic acid. 
Highly oxided iron nevertheless produces a 
deeper black than that which is less so. I have 
given * an explanation of this effect, which, how- 
ever, I only propose as a conjecture not well 
founded. The gallic acid, which contains much 
charcoal, as is principally proved by its distilla- 
tion, and which is very much disposed to expe- 
rience that slight combustion, from the action of 
the oxigen, which, by the predominance then 
acquired by the charcoal, causes it to pass to a 
deeper or lighter colour, will undergo this com- 
bustion by the action of highly bxided iron, 
as well as by the action of the oxide of silver 
and the oxide of gold, which it reduces, and of 
the oxigenated muriatic acid, which precipitates 
a carbonaceous matter from the infusion of gall* 
nuts. By this, the red oxide will pass to the 
3tate of black oxide; so that the gallic acid, by 

• {:iem. de TArt de la Teinture, Tom. I. 
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the state to which it is reduced, concurs with the 
oxide, become black, in the deep colour which 
is produced, while it is not changed, or is much 
less so, by the slightly oxided iron of the green 
sulphate. 

If the action of the oxigen is too strong, or 
too long continued, it finishes by entirely de- 
stroying the gallic acid, which leaves the oxide 
of iron alone, and which may then be coloured 
anew by gall-nuts, and especially by an alkaline 
prussiate, as was shown by Blagden. 

ITie gallic acid has little solubility by itself, 
and forms insoluble salts with the earthy bases. 
It seems to me, that it is by the same property 
that it precipitates the oxides from their solu* 
tions, but, as its action is weak, the precipitate 
cannot separate in ink, and remains suspended 
by the action of another acid; its colour alone 
discovers it; nevertheless, by weakening the ac- 
tion of this acid by a great quantity of water, 
the combination precipitates ; and it is by this 
means that Lewis and Monnet separated the com- 
bined moleculse which give the colour to ink and 
to black dye. 

It is evident from' this why phosphoric and 
arsenic acid, mixed with a solution of gall-nuts, 
do not give a black liquor with solutions of iron ; 
while the other acids, which do not form insolu* 
ble salts with this metal, produce it: it is be- 
cause the first form a combination which is^ more 

insoluble 
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insoluble than that of the gallic acid, and which 
U precipitated white. 

The acids "dissolve the black moleculae with 
more or less facility, and cause the colour to dis- 
appear ; but it reappears when they are saturated 
' by an alkali; this solution may therefore be 
compared to the mixture of green sulphate and 
gallic acid 
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SECT. IV. 



Of the; Alkalis and Earths. 



CHAR I. 

Of Ammonia. 

S41* Among the alkalisi ammonia is the only 
one which can be considered as volatile; not 
because pot- ash and soda are entirely deprived of 
volatility, there are even circumstances in which 
this property should be taken into consideration, 
but it does not act in all cases of aqueous liqui- 
dity, and in other cases it is so different from the 
volatility of^ ammonia, that these substances are, 
with reason, placed among the fixed alkalis^ in 
opposition to these qualities, for the purpose of 
deducing the phenomena which depend on them ; 
but they must be carefully distinguished from 
those which are owing to the capacity for satura- 
tioo. 

Ammonia 
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' Ammonia is, besides, the only alkali whose 
composition is known ; it is therefore proper to 
consider it separately under these two points of 
view, considering all the other alkalis as simple 
or undecomposed substances; for, whatever may 
be their composition, it lias no influence on the 
phenomena which have hitherto been analyzed 
with accuracy. 

While ammonia acts by a resulting affinity, it 
only diflfers from the other alkalis by its volati- 
lity ; but its capacity for saturation is also much 
greater than that of the other alkalis (88) ; ne- 
vertheless, its volatility, and particularly that 
which it receives from heat, is a force opposed 
to that of combination. Its tension, at 10° of 
the thermometer, is 7.S, while that of water is 
only 0.4 inches. But this tension only expresses 
a small part of the force of its elasticity, be- 
cause it is subdued by the action which the 
water exercises on it : conformably to what has 
been already shown, this force will augment, by 
an elevation of temperature, in a proportion con- 
stantly increasing (237). 

It is obvious, therefore, why ammonia, which 
lias lost its tension by combination with an acid, 
must regain it, in part, by the concurrence of 
another fixed base. Without the elasticity 
which it possesses, it would only divide the ac- 
tion of the acidity with it, in the ratio of the 
quantities and respective capacities for saturation ; 
but it will be disengaged from the combination, 
^ according 



according to the volatility which is restofecl to 
it, particularly when this effect is increased by 
the action of heat: on this property are founded 
the operations by which the salts which it forms 
tre obtained. 

It is also obvious why, when the action takes 
place between two neutral combinations, heat 
will determine the separation of the combination 
of ammonia with the most volatile acid, notwith- 
standing a difference in the capacity for satura- 
tion: but I have enlarged sufficiently on these 
effects (156). 

342. The decomposition of ammonia by the 
ielectric spark, and the subsequent combination 
of the hidrogen, disengaged with the oxigen^ 
which bums with it in suitable proportions, and 
the azote which remains free after the comb us* 
tioti of the hidrogen, serves not only to deter*- 
mine, in a clear and easy manner, the elements 
which compose it, but also their respective pro- 
portions. From my experiments *, and the re^^ 
suits of Austin and Davy, the hidrogen forms 
the fifth of the weight of the ammonia: this 
analysis afterwards serves to explain the disen- 
gagement of the azote, when the ammonia is de^ 
composed by oxigenated muriatic acid, or by the 
oxides; and the phenomena which accompany 
this decomposition are owing to the production 
of water, to the insulation of the azote, and to 

• Mem. d€ I'Acad. 1785. 
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the disengagement of part of the caloric which 
the oxigen contained in the prior combination. 

The hidrogen is therefore combined with the 
azote in ammonia, in a proportion a little greater 
than it is with oxigen in water ; but in the re- 
sulting properties of these two combinations, 
there is so great a difference, that it must be 
concluded that the affinity which unites the hi- 
drogen and azote is much inferior to that 
which forms the combination of oxigen with the 
hiidrogen. 

In fact, the gazeous state retained by the am- 
monia when it is not subjected to the action of 
water, its specific lightness, which is to that of 
azote gas as 444 to 274, and that of the liquid 
ammonia, which, in its state of saturation, and 
notwithstanding the condensation which the 
water itself will experience by this combination,^ 
has only a specific gravity of 8.950; that of 
water being 10.000: its much greater volatility, 
and its much weaker disposition to congeal, 
prove that the condensation of its elements is 
much less than in w^ater. 

Its easy decomposition,' either by oxigen gas, 
if, after being mixed with it, it is passed through 
a red-hot tube, or by oxigen condensed in a sub- 
stance which retains it feebly, such as the oxi- 
genated muriatic acid at every temperature, and 
the highly oxided metals at the common or a more 
elevated temperature; and finally, its properties, 

vhich are very different from the combinations 

of 
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of those whose elements have experienced a gfeat 
saturation, prove it incontestibly. 

Nevertheless, when ammonia exercises its al- 
kaline property on an acid> in which the oxigen 
is a little more powerfully subdued than in oxi- 
genated muriatic acid, its composition is main* 
tained by the resulting force of this combination, 
until it is sufficiently weakened by heat: thus 
nitrate of ammonia preserves its constitution to 
an elevated degree of heat; then it is decom- 
posed, and gives birth to new combinations. 

Ammonia combined with sulphuric acid, or 
with the other acids which can yield oxigen^ 
also experiences a decomposition at a high tem- 
perature ; but it has been but little examined. 

The power of action exercised by the hidrogen 
on many substances, which is, in general, much 
greater than that of azote, and particularly the 
force with which it acts on oxigen, render it pro- 
bable that it is the principle of the alkaline energy 
possessed by the ammonia, or of its strong ten- 
dency to combination with the acids; but no' 
general conclusion can be formed on the alkali- 
nity, which may be owing to different causes. 

343. The correspondence of composition of 
nitric acid and nitrous gas with ammonia, enable 
us to conceive how they can serve mutually for 
their production, according to the circumstances 
in which they are found, and which I shall de- 
tail. But these opposite results show more and 
more how false an idea of chemical causes is 

formed 
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formed by cotisidering the affinity as determined 
by the nature of the substances alone, and as the 
invariable principle of the combinations which are 
produced. 

Priestley, Higgins, Guyton, Austin, Kirwan, 
and several other chemists have shown that am-^ 
nionia was formed in different circumstances, by 
means of nitric acid or nitrous gas, Austin ob- 
served that this formation could take place imme- 
diately with azote gas, when a substance, such as 
that of iron-jfilings, solicited the decomposition 
of water ; but this production takes place more 
especially with nitrous gas, while this is con- 
verted into gazeous oxide of azote ; it is easier 
when sulphurated hidrogen gas is mixed with 
nitrous gas. 

On the other hand, Milner observed * that when 
ammoniacal gas was passed through oxide of 
manganese contained in a red hot tube, nitrous 
gas was produced : Vauquelin, Seguin and Sylvestre 
obtained nitrate of ammonia by this means, and 
Fourcroy has shown that the same production 
took place without foreign heat when a mercurial 
precipitate was treated with ammonia f- Besides, 
while Milner formed nitric acid or nitrous gas, by 
passing ammonia through highly oxided metals^ 
Haussman, on the contrary, produced ammonia 
by passing nitrous gas through iron-filings but 

• Philos. Trans. 1789. 
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little oxided : in the one case, the metal could 
yield the oxigcin for the formation of nitric 
acid ; ill the other> it must have decomposed 
the water which accompanied the nitrous gas, 
and so have occasioned the production of a 
little ammonia. 



CHAP. IL 



Of the comparative Properties of Alkalis and 

Earths. 

S44. WheiJ the chemical properties of bodies 
began to be examined^ the name of alkali was 
given to those which were capable of forming 
combinations with the acids, and they were dis- 
tinguished into fixed and volatile : those sub- 
stances only were considered as fixed alkalis 
which had a great solubility in water, that is to 
say, pot^ash and soda, although other substances 
had properties which were similar and even su- 
perior with respect to the faculty of forming sa^- 
line combinations : but those were blended under 
the name of earths, which retained an appearance 
of siccity, or of insolubility, distinguishing how- 
ever those which could be dissolved by the acids, 
and which were called alkaline earths, absorbents, 
or earthy bases, from those which have not this 
property. 

In 
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• In the substances which have been arranged 
among the earths, some are found to which this 
name has only been given on account of some of 
their combinations which are insohible, while 
they have themselves a solubility which greatly 
resembles that of pot-ash and soda. 

The distinctions established on these vague 
ideas, and in which the real alkalis are blended 
with the earths, and combinations with simple 
^ substances, are not reconcileable with the che- 
mical properties, whose relations are employed ia 
the classification of bodies. 

In following these relations, all those sub- 
stances must be ranked among the alkalis which 
can by themselves produce a complete saturation 
of the acids, rendering their acidity latent by au 
opposing property which constitutes alkalinity. 

These substances are ammonia, magnesia, lime, 
pot-ash, soda, strontian, and barites ; their alka- 
linity, which follows the order in which I have 
named them, is measured by their capacity for 
saturation (81). 

The first distinction between these alkalis is 
founded on the volatility and fixity : ammonia 
alone can be considered as volatile. 

Another distinction maybe established between 
the fixed alkalis, on their solubility and their force 
of cohesion : pot-ash and soda are the fixed al- 
kalis which are, at the same time, the most soluble 
in water, and, by the properties of their combi- 
xiationsy announce the least force of cohesion. 

R 2 After 
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After pot-ash and soda comes barites, whrich 
requires only 20 parts of water to be held in 
solution at a temperature of 10® Reaum. : stron- 
tian requires 200, and lime 500. Magnesia is 
the most insoluble ; but as the insolubility of 
a substance is compounded of the weak action 
of Mater, and of the resistance of the force of 
cohesion, it cannot be determined, by this con- 
sideration alone, which of these alkalis ha« 
really the greatest force of cohesion, or whose 
moleculse exercise the greatest reciprocal action : 
to judge by the qualities of their compounds^ 
barites seems to be superior in this to the others ; 
but it is difficult to be guided by the properties 
which the combinations offer in this respect, be- 
cause they arise both from the dispositions of the 
alkaline base, and from the quantity which is 
necessary to saturate the acid ; besides the form 
taken by the integrant moleculae, or some other 
slight condition of the combination, may occasion 
some variation in the force of cohesion, so that 
by being confined to a vague determination oa 
this subject, we are compelled to judge of j the 
preponderance of each of these bases, in the par- 
ticular instances, by the comparative properties 
of their combinations. 

All these alkalis have the property of producing 
insoluble, or slightly soluble salts with those acids- 
which have themselves a disposition to solidity, 
such as the phosphoric, fluoric, oxalic, citric, and 
saccho-lactic, and those which produce a soluble 

£ombinatioa 
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tronjbination with the other acids precipitate by 
forming an insoluble combination as soon as the 
action of the acid is weakened by the concurrence 
■pf another alkali, while pot-ash and soda, which 
do not yield any insoluble salt, do not form a pre- 
cipitate in the same circumstance ; hen<:e it arises 
that barites, for example, being more soluble, pro- 
duces a precipitate in the solutions of strontian ; 
which has been the occasion of an inferior affinity 
being attributed to the latter, although it has a 
greater capacity for saturation ( 199)- 

The disposition to form insoluble salts is some- 
4;imes disguised in these alkalis, by the neutral 
combinatioi^ becoming soluble in an excess of acid, 
or because, to attain the neutral state, they re- 
quire a quantity of some of the acids little dis- 
posed to solidity, which overcomes their natural 
disposition, but it is manifested as soon as the 
action of th^se acids is weakened. 

This difference between the alkalis authorizes 
the retaining the distinction of fixed alkahs and 
earthy base?, provided it is confined to indicating 
the dispositions to solidity which they possess in 
themselves, or communicate to their combinations. 

345. These alkaline bases are not always ex- 
pelled from the combinations which they produce 
with the acids ; some of them form triple salts, 
$q that an acid produces a combination which is 
unifornn, and crystallizes regularly, with two 
bases : this is a property which belongs particu- 
larly to ammonia and m^^gnesia, and which 'm 

my 
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my opinion should be attributed to the force of 
their affinity ; but M^hatsoever may be the cause 
of this efliVct, it should engage our attention, and 
the more so as it can easily lead to error, when it 
is requin d to determine the proportions of sub-? 
stances which form a compound. 

Bergman had remarked the property of mag- 
nesia, as well as some of the oxides, pf giving 
triple salts M'ith ammonia, bpt we are indebted to 
Fourcroy for some important observations on this 
subject. 

Fourcroy has sho\|'n * that it required a certain 
quantity of ammonia for a salt with base of mag- 
nesia to begin to abandon a portion of this base, 
and that by augmenting the quantity pf the am- 
monia, but far beyond what will enter into the 
salt which crystallizes, all the magnesia which 
could separate, might be precipitated, but that it 
would not exceed a certain proportion. The salt 
obtained by crystallization contains a proportion 
of acid, corresponding with that which the same 
quantity of magnesia and ammonia would have 
saturated, although it differs in the proportions of 
these two bases, according to the circumstances 
of the operation : in fact, if the state of saturation 
is unchanged, if the triple salt is in the neutral 
state, as it is supposed the separate salts of mag- 
nesia and ammonia are, it cannot be conjectured 
that these two bases exercise a mutual action 
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which leads to any change in their alkalinity, 
Fourcroy supposes that the precipitate which is 
formed is pure magnesia ; it probably retains 
some of the acid, and perhaps of the ammonia, as 
unquestionably is the case with the oxides. 

Fourcroy also observed * that in a triple salt 
produced bjTan oxide, the proportion of acid was 
Bot the same as in the salt formed by the oxide 
and the acid, and in that with the ammonia -and 
the same acid, but that the triple combination re- 
tained a smaller quantity of acid ; he also found 
that sulphuric acid was set free when he formed the 
ammoniaco-mercurial sulphate by precipitating a 
very neutral sulphate of mercury by the mixture 
of its solution with that of sulphate of ammonia 
also in a neutral state : this effect does not agree 
with those I shall exhibit on the reciprocal action 
of metallic salts, and salts with an alkaline base* 

The triple salts are not limited to determinate 
proportions, although tliere is a constant relation 
between the quantities of the bases and those of 
the acids which produce their saturation, bat 
many varieties may be obtained in which the pro- 
portions are different, and the crystallization also 
takes different forms, but this has very little dc- 
•pendence on the changes of the proportions. 

346. All the alkalis have, directly or indirectly, 
the property of forming combinations with sul- 
phur; but the instability of these combinations, 

♦ Mem. de 1' Acad. 1790. 
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the chamcteristic properties of sulphur which de- 
pend on its affinity for oxigen, and which are not 
neutralized by the alkalis, require that they 
should be distinguished from the saline combi- 
nations, although when separated from the oxigen, 
they have so much correspondence with them, 
that the results of observation on the reciprocal 
action of acids and alkalis, may be applied to 
the mutual action of their elements. 

If, therefore, sulphur cannot combine directly 
with all the alkalis, the cause of this must be sought 
in its force of cohesion, and in the resistance it 
may experience in the dispositions of the alkali. 

The obstacle arising from its force of cohesion 
no longer exists in sulphurated hidrogen, which 
seems to owe the acid qualities it possesses only to 
the sulphur itself (293), sulphurated hidrogen has 
not only the property of combining with the alka- 
line bases*, but all the combinations it forms 
with them have that of being soluble in water ; 
they are analogous to the combinations of the 
acids and alkalis ; some of them are also capable of 
taking the form of crystals. 

To comprehend the varied combinations which 
sulphur and sulphurated hidrogen can offer with 
different bases, and the phenomena which depend 
on them, the attention must be directed to the 
following properties* 

1st. Sulphur cannot remain alone in a liquid 
combination with the alkalis, for if the sulphu- 

♦ Ann. de Chim, Tom. XXV. 
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rated hidrogen, which serves to retain it in aqueous 
solutions, is destroyed by oxigenated muriatic 
acid, by nitric acid, or by sulphureous acid, the 
sulphur immediately precipitates. The sulphurets, 
therefore, can only exist in a state of desiccation, 
or, at least, if they can contain water, without 
it being decomposed, the quantity must be very- 
small. The separation of the sulphur, when the 
sulphurated hidrogen is destroyed, must not be 
attributed to a want of affinity for the alkali, but 
partly to the force of cohesion of the sulphur, and 
partly to the great affinity of the alkali for water. 
2d. Sulphurated hidrogen, which I consi« 
der in this place independently of the diffe- 
rences which may be found in its composi- 
tion (29l)> has such an action on sulphur that 
it can dissolve it, and form the liquid combi- 
nation, which I have called hidrogenated sulphur: 
but the sulphurated hidrogen which has a strong 
tendency to elasticity, easily separates by heat, 
or by the dissolving action of the air, and aban-* 
dons the sulphur which it had taken in solution 
and rendered liquid. On the other hand, sulphu- 
rated hidrogen forms combinations with the al- 
kalis which are more durable than those of sulphur, 
or rather which are not destroyed by water: in 
this instance we cannot overlook the property of 
hidrogen of weakening the force of cohesion, and 
causing its effects to disappear: this influence of 
the hidrogen is found in the hidrogenated sul- 
phurets, which may be considered as the combi- 
nation 
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nation of an alkali with^hidrogenatcd sulphur, a 
combination which is variable because it is not 
very energetic, and which may be obtained by 
different means ; 1st, by the solution of hidroge- 
Bated sulphur ; 2d, by the solution of sulphur by 
an hidro-sulphuret ; 3d, by the decomposition of 
water produced by a sulphuret 

I have observed that when an hidro-sulphuret 
is left exposed to the air, sulphureous acid is 
formed {^90) - in this circumstance the action of 
the alkali prevents the sulphureous acid and sul- 
phurated hidrogen from being destroyed, in the 
same manner as the hidrogen of ammonia is pre- 
served with the oxigen in nitrate of ammonia ; but 
as soon as the resulting action of the alkali is 
weakened by the addition of an acid, sulphureous 
acid and sulphurated hidrogen are destroyed, 
water is formed, apd the sulphur of both preci- 
pitates ; during this precipitation, the odour of 
sulphureous acid is not perceived, because it is 
decomposed ; but that which is afterwards disen- 
gaged is developed. 

347. These observations seem to me to account 
for the composition of a singular salt which is 
formed in the operations of the manufactory of 
'Citizens Payen, and which has given rise to a dis- 
cussion between Chaussier and Vauquelin*. This 
discussion is important from the intelligence of 
the philosophers between whom it took place, and 
because it concerns a peculiar species of combi^s 

* Ann. de Chim. Tom. XXXII. 

nation. 
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nation, and can throw a light on many pheno- 
mena analogous to its formation : Chaiissier has 
called this salt sulphurated hidro-sulpburet of 
soda, and this denomination sufficiently indicates 
the opinion which he hasTormed of it: Vauquelin 
has called it sulphurated sulphite: he pro \ es effec- 
tually, by convinciDgexperiments,thatsulphureous 
acid exists in it; but I differ from his opinion of 
the other element, which appears to' me to be sul-t 
phurated hidrogen, and not sulphur. 

This salt is formed by mixing water charged 
with sulphurated hidrogen with a solution of sul- 
phite of soda; my associate supposes that all the 
sulphurated hidrogen is decomposed ; but sul- 
phureous acid and sulphurated hidrogen have 
only the property of mutual decomposition when 
they are free ; the action of an alkaline base pre- 
vents this effect from taking place, or rather, 
limits it, as is unquestionably proved by the fon- 
mation of sulphureous acid in a hidro-sulphuret 
which is left exposed to the air, as I have just 
mentioned, and which also takes place in an hi- 
drogenated sulphuret which is exposed to the air. 
The hidro-sulphuret has lost only a part of its 
properties, and, nevertheless, the sulphureous 
acid exists in it with the sulphurated hidrogen ; 
so that, one dues not decompose the other, when 
their action is diminished by that which they 
exercise on an alkaline base. 

This action of the resulting affinity of the alkali 
only e:^tendS| however^ %o a certain degree ; if an 

excess 



ftSi COMPARATIVE PR0££RTI£8 

excess of i^ulphurated hidrogen is added it can pro- 
filuce a decomposition, as is seen in the experi- 
ments of Vauquejin, and an excess of hidro-sul- 
phuret remains, which causes the liquid to re- 
semble a hidro-sulphuret which has been left ex- 
posed to the air, and in which sulphureous acid 
has formed ; whence it results that to produce the 
hidro-sulphurated sulphite, without the liquid 
being rendered turbid by a precipitation of sul- 
phur, there must not be more than a suitable pro- 
portion of sulphurated hidrogen. 

It may, however, happen that even when the 
liquid does not become turbid, some decomposi- 
tion really takes place: the neutral state in which 
the salt remains seems to indicate it, for there 
should be an excess of acidity from the combina- 
tion of the sulphurated hidrogen : in this view of 
it, tl^erefore, a portJQii of sulphureous acid, cor- 
responding to that of the sulphurated hjdrogen, 
and of sulphur, which would have served to neu- 
tralize a corresponding portion of the alkali, must 
have been destroyed ; but it seems to me much more 
probable that the reciprocal action of the sulphure- 
ous acid, and sulphurated hidrogen, though it is not 
sufficient to operate their decomposition, weakens, 
nevertheless, that which each of them exercises on 
the alkali ; so that the neutral state is unaltered. It is 
thus that the mutual action of the oxigen, and 
muriatic acid hinders their combination from pro- 
<lucing any change in the neutral state of the mu- 
yiate compared with the super-pxigenajted muriate 

■ of 
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cf pot-ash (181); what confirms me in this opinion 
is, that the hidro-sulphurated sulphite does not 
acquire any colour, while the hidro-sulphuret, ex- 
posed to the air, soon contracts a yellow* tinge, 
which is owing to the sulphur becoming predo- 
minant j*n the composition of the hidro-sulphuret. 

The same phenomena, therefore, are observed 
in the hidro-sulphurated sulphite in question, as 
in the hidrogenated sulphuret, or in the hidro- 
sulphuret, in which sulphureous acid is formed ; 
if an acid is only added in small portions, the sul- 
phufeous acid^set at liberty, acts an the sulphurated 
hidrogen, and a mutual decomposition takes place, 
so that no sulphureous vapour exhates; it is only 
when this effect has ceased, that the disengage- 
ment of sulphureous vapour is produced by the ad- 
dition of a greater quantity of acid ; the only dif- 
ference is, that when the bidro-sulphuret is de- 
composedy hidro-sulphurated gas exhales ; which 
only takes place with concentrated sulphuric acid, 
when the experiment is made with the hidro- 
sulphurated sulphite, because, compared with the 
hidro-sulphuret, it contains an excess of sulphu- 
reous acid. 

When the hidro-sulphurated sulphite is urged 
by fire, the resulting affinity which maintained 
its composition is destroyed ; the sulphurated hi- 
drogen and sulphureous acid are decomposed ; 
whence results the formation of a more abundant 
sulphuret than when a sulphite is submitted to the 
action of the fire ; a part of the sulphite is also 

changed 
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changed into a sulphate, and I am convinced that 
sulphurated hidrpgen gas is also disengaged. 

Vauquelin produced this salt by boiling a sul- 
phite with sulphur, and he used this experiment 
to support his opinion, but he has himself observed 
that the liquid then contained a sulphate, so that 
sulphuric acid is formed, as when a sulphuret is 
placed in contact with water, • and for the same 
reason sulphurated hidrogen would be produced. 

He considers the sulphurated hidrogen gas 
which is disengaged by the action of concentrated 
sulphuric acid, as a result of this action ; but all 
the circumstances are then unfavourable to thia 
production, and particularly the disengagement 
of sulphureous' acid which would destroy it entire- 
ly, if the rapidity of the disengagement permitted 
it. 

348. If the force of cohesion belonging to the 
sulphur is an obstacle to its combination with the 
alkalis, wl)ich have great solubility, this effect 
will be much greater when the same insolubility 
is found in the alkali ; it therefore is not surpris- 
ing that magnesia, notwithstanding its powerful 
action on the acids, can only form a combination 
with sulphur with difficulty, and by keeping it a 
longtime at the heat of ebullition in a vessel filled 
with w^ater*. But sulphurated hidrogen can dis- 
ijolve magnesia, and form a hidro-sulphuret with 
it. It is probable that this hidro-sulphuret is ca- 

^ Bcrgmzxi, Dc Magncsii^ 

pable 
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pable of dissolving sulphur, as ft is seen that this 
takes place with ammonia, which it resembles ia 
the energy of its affinity. 

Ammonia itself cannot dissolve sulphur, be- 
cause its volatility does not admit of a degree of 
heat being employed which would weaken the 
force of cohesion of this substance sufficiently; 
but it shows the power of its affinity when it is 
combined with sulphurated hidfogen, and forms a 
hidro-sulphuret ; for this hidro-sulphuret can dis- 
solve so largeaquantity of sulphur, that the solu- 
tion acquires a yellow colour, and an oily appear* 
ance*. 

When the hidro-sulphuret of ammonia has 
ammonia in excess, it is fuming, and analogous 
to the fuming liquor of Boyle, except that this * 
holds sulphur in solution. Therc is no marked 
difference between the hidro-sulphuret, and the 
hidrogenated sulphuret of ammonia; but the 
hidro-sulphuret which has muCh sulphur in solu- 
tion, and which forms a yellow liquid, may be dis- 
tinguished by the latter denomination. 

A difference is observed between the action exer- 
crsed by barites and strontian on sulphur, which 
seems capable of being also explained by the diffe- 
rence of the?rsolubility : if, after having ex posed the 
sulphuret of strontian to a heat rather strong to 
oUlige the sulphur to abandon it in part, the com- 
bination is boiled in a sufficient quantity of water, 

• Ann. de Chim. Tom* XXV. 

a part 
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a part of the strontian crystallizes and separate* 
from that which remains in the state of hidroge- 
nated sulphuret*, so that the force of crystallization 
being in opposition to the affinity of the sulphur 
and the sulphurated hidrogeuj produces a separa- 
tion of the two combinations ; but this force being 
much smaller in the barites, the separation cannot 
take place. Tliis property of strontian gives the 
means of separating it immediately from a sulphu- 
ret formed with sulphate of strontian ; but to pro- 
duce this effect with the hidrogenated sulphuret 
of barites, a substance must be added to it which 
can decompose the hidro-sulphuret, and form an 
insoluble combination with the sulphur. 

The properties which sulphur communicates to 
the numerous combinations which it can form, 
and those which they acquire themselves^ take 
therefore their origin, 1st, from its affinity for 
oxigen, which is predominant ; the acid resulting 
from their mutual action varies according to the 
condensation which the oxigen receives ; 2d, from 
its affinity for hidrogen ; 3d, from that which it 
has for the alkaline bases. The elements united by 
these affinities exercise a mutual action which pro- 
duces variable combinations, or rather the combi- 
nations formed are liable to changes according as 
they meet either of the elements between which 
this action can be exercised. 

• Journ. de I'Ecole Polytech. XI'. Cahicr. 

34p. The 
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849. The other earths ar? distinguished from 
those whose properties require them to be placed 
amouig the alkalis, by the diflferentie of their action 
on the acids; even those which can dissolve in 
the acids have not.the property of forming neutral 
combinations which can give a method of com-» 
paring their capacity for saturation ; the resistance 
of their force of cohesion, even when they are in 
their greatest state of diviisiou, is sufficient to 
prevent the weak acids from operating their solu- 
tion : besides this they have more or less the pro- 
perty of combining with the alkalis, so that they 
seem to hold a medium between the acids and the 
nlkalis, and thus to approximate to the properties 
of oxides; but their common characters are too 
little marked for them to be treated by their ge- 
neral properties ; each species must therefore be 
considered in particular. 

Alumine has nearly an equal disposition to com* 
bine with acids and alkalis ; but its force of co- 
hesion must not occasion too great an obstacle to 
these two species of combination ; thus carbonic 
acid cannot dissolve it immediately ; it even 
abandons it when it is precipitated from an acid 
solution by a carbonate, and it passes to the solid 
state : .at least it seems only to retain it, according 
to the observations made by Theodore Saussure, in 
a very interesting memoir on alumine, in propor- 
tion to the alkali which it retains in its precipita- 
tion ; but liquid carbonic acid can dissolve a small 
quantity of it 

VOL. IX. s A proof 
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A proof that this difficulty of solution only de- 
pends in reality on the obstacle opposed by its 
force of cohesion is, that acetic acid, wjblch 
scarcely dissolves alumine, can combine with it 
if the sulphate of alumine is mixed with acetiteof 
lead : the oxide of lead forming an insoluble salt 
with sulphuric acid, the alumine remains income 
bination with the acetic acid which makes an ex- 
change of base, but sulphurated hidrogeh cannot 
dissolve alumine, and consequently may serve to 
separate it from alkaline earths. 

Of all the combinations which alumine produces 
that which it forms with sulphuric acid deserves 
the most attention, both for the properties which 
distinguish it, and for the importance of having 
an exact knowledge of it, either for chemical 
analysis, or, principally, for its employment ia 
the arts. 

Bergman had observed* that alum usually con- 
tained pot-ashj and that it was useful to its crys»- 
tallization ; but his opinion was not limited to its 
effect, he believed that it served to absorb an ex- 
cess of acid, and that alumine could supply its 
place; neverthelessj he announces elsewhere that 
pot-ash and ammonia, in the state of a neutral 
salt, produce the same effect. 

Chaptal, who threw so much light on. the arts^ 
and showed how advantageous chemistry could be 
to them, before the protection which government 

* De confect. alum, de platina. 

affords 



Of ALICALIS AND EARTfif^i ' 259 

affords to them Was entrusted to him, experienced 
in the operations of his manufactory*, '* that' 
'* without the assistance of alkalis only a magma, 
*^ or granulated precipitate, was obtained, which 
"showed no appearance of crystallization;" ami 
that the advice siven bv Bersrman to saturate the 
excess of acid of an aluminous liquor by alumine, 
which he supposed augmented the quantity of 
crystal! izable salt, was not practicable : " If the 
"acid lixivium is boiled with clay baked or un- 
" baked, the dissolution is only made very slowly, 
" aiid by a strong ebullition ; when the lixivium 
** appears to be saturated, if it is filtered, it allows 
" a great part of the clay which it had dissolved to 
" precipitate by cooling ; if, in this state, the 
" solution is concentrated, the clay is disengaged, 
" an*d forms a precipitate which opposes all crystal- 
** lization." 

In the course of the operations which he was 
aiming to bring to perfection, he found that siil- 
phate of pot-ash might be advantageously sub- 
stituted for pot- ash,, and Decroizille made the 
iame observation : he also discovered that sulphate 
of ammonia produced a similar effect 

Vauquelin, on his part,has observed^, that, with 
flulphuric acid, alumine only formed a granulated 
ftnd lamellated substance, which could not be 
made to crystallize; that pot-ash or ammoniar 

* M^m. de TAcad. l7H8. Ann. de Chini. Tom. XXII. 
t Aim., de Chim. Tom. XXII. 

8 2 were 
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were necessary to crystalUzatioit ; that their sul- 
phates answered the same purpose ; that i^ the 
Roman alum it is pot-ash alone which prodiirces 
the crystallization; and that the greater ^lart of 
the others contain pot-ash and ammonia at the 
same time : he estimates the quantity of eitbcF of 
these alkaline sulphates found in alum at seveui 
per cent ; but it is probable that this quantity 
varies both in pot-ash and in ammonia; this has 
not yet been determined. From his observations 
he has drawn this important consequence for cbe* 
mical analysis, that in all cases when crystals of 
alum are immediately obtained from an earthy 
substance, by means of sulphuric acid, this sub-» 
stance contains pot-ash, and he has thus proved 
its existence in many stones in which it was not 
suspected. This proof shows that the generality 
of clays and marles hold a little pot-ash ; at least 
I have always obtained crystals of alum from the 
several species which I have assayed. 

The sulphate of alumine is therefore necessarily 
a compound salt ; but besides pot^ash and ammoN 
nia, it can also receive different proportions of 
acid. I have dissolved crystals of alum, transparent 
and permanent in the air, of different manufactures, 
and by causing it to crystallize, have obtained a 
residue which contained a more or less considerable 
excess of acid : I have sometimes obtained acidu^ 
lous sulphate of pot-ash from this residue, whidi 
crystallized separately, and especially by ♦efflo- 
rescence. V" 

' This 
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This salt, on the contrary, can also contain an 
excess of base, and it then acquires the property of 
crystallizing in cubes, as was observed by Vauque- 
lih, and as had been remarked before by Sief- 
fertz. 

Finally, alummay contain a certain quantity of 
sulphate of iron. It is therefore evident how many 
variations this salt may receive in its compositiou 
without its transparence, its crystallization, or its 
other apparent properties indicating them. 

It is known that the Roman alum ^nd that 
"from the Levant, are prcfeiTcd to the others for 
brilliant dyes : Ipresume that this advantage over 
the alums fabricated by the immediate combination 
of the acid and thealumine, depends principally on 
the excess of acid which I have found in tHe dif-^ 
ferentspecies of manufactured alum, although this 
excess is not perceptible either by the form of the 
crystallizatioh, or by the hygrometric properties. 

The decomposition of alum also gives variable re- 
sults : if its base is separated by a carbonate, the 
precipitate retains a considerable proportion of acid, 
^and even of the alkaline base ; for by dissolving it 
in nitric or muriatic acid, alum is obtained by 
crystallization ; if, on the contrary, alum is preci- 
pitated by an alkali, and, particularly, if after tlie 
precipitation it is kept in digestion in an alkali, a 
much smaller quantity of the sulphuric acid is re- 
tained ; nevertheless if the precipitate h dissolved 
in nitric acid, the solution still forms a sulplmte 
with solution of barites (63). 

Vauquelia 
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Vauquelin decomposed sulphate of aluminf by 
aluminC; and found that the insoluble salt whi(:b 
formed, and which had been observed by Baum^ 
in -addition to theacjd, retained some alkali in iti 
composition. 

Soda can also enter into the composition of 
sulphate of alumine, and give it the property of 
crystallizing, as was observed by Berard, accord- 
ing to the relation of Chaptal; but the crystals 
which L have examined are more soluble than 
those of alum, and effloresce in the ain 

■ 

Nitric acid has likewise the property of crystal- 
lizing with alumine : it is probable that this is also 
by means of an alkaline base. 

350. Alumine dissolves in pot-ash and in soda, 
provided its force of cohesion does not oflfer too 
considerable a resistance : this solution supports 
evaporation without the alumine being disen- 
gaged. This property of entering into combination 
with the alkalis, notwithstanding its disposition to 
take the solid state, serves to explain the effect by 
which the alkalis, as we have just seen, strengthen 
its combination with the acids ; they exercise their 
affinity on the alumine and on the acid : this reci- 
procal action of the alkalis and of alumine also 
explains why the precipitates of alum carry with 
them the alkali, which has been employed as a 
precipitant, and perhaps why an alkali is found id 
agreat number of earthy compounds, in which a 
certain proportion of alumine is found. • 

* Lime, 
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Ijmei which a flight solubility permits to act ^ 
only ina^small quantity, showed a disposition to 
unite with alumine, in the experiments for which 
we are indebted to Scheele*. Lime-water having 
, been poured upon alumine, precipitated alum, 
which, from his description, was in a gelatinous 
^^tate; all the lime was combined with it : the so- 
lution of sulphate of litne having been put to the 

same alumine, did not form a combination ; but 

« 

on adding lime-water, not only the lime, but the 
sulphate of lime, was entirely precipitated, and 
formed a combination which may be considered 
as analogous to that of alum, or rather of insoluble 
sulphate of aluminCj since it was formed of alumine, 
sulphuric acid, and lime. 

The affinity of lime for alumine is also shown 
' when a combination which holds alumine and lime 
In solution is precipitated by ammonia : the latter, 
which would not have been precipitated by ammo- 
nia, is partly separated with the alumine. 

The weak condensation which ammonia is 
capable of with water, compared to that of pot-ash 
and soda, explains its inaction on alumine ; never** 
theless, it dissolves a little .of it when it is extremely 
dividedf, and its action is particularly shown in 
the triple salts which it forms with it, as we have 
seen in the sulphate of alumine* 

The insolubility of magnesia prevents it from 
exercising its alkaline action in ordinary circum-> 

• Mem. de€him. 

t Syst. de Coniu Chim. Tom. II. 

stances, 
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stances, but we have a proof of the alkaline action 
which it exercises on it, when its cohesion ceases 
to be an obstacle ; thus when a solution of mag- 
aesiaand alumine is precipitated by ammonia, the 
magnesia which would have remained in solution, 
and would have fonned a triple soluble combina* 
tion with the ammonia, until the proportion of the 
latter had become so great as to separate a part of it, 
is entirely precipitated with the alumine, and then 
pot-ash or soda, which could have dissolved the 
precipitated alumine, if it was uncombined, cannot 
separate it from the magnesia, or only -dissolve a ' 
part which is not retained with sufficient power by 
the magnesia, according to the observation of 
Chenevix* : alumine shows some action on-silex 
for if it is in sufficient quantity, it favours its so- 
lution in the acids. 

Strontian and barites, whose alkaline action is 
much weaker,' cannot overcome the ob&tacles which 
oppose their combination with alumine ; and the 
precipitates which are obtained from the mixture 
of the solutions of alumine and barites, are only 
owing to the sulphuric acid which the alumine 
had retained in its precipitation, as has been shown 
by d'Arracq and Chenevix ; but strontian cannot 
indicate these small quantities of sulphuric acid, 
because the sulphate which it forms has morq.solu* 
bility than that of barites. 

This reciprocal actipu of alumine and the alkalis 
is useful in the decomjjosition of salts which cqn- 

♦ Ann, d^ Chiip. Tom. XXVIIL Pbilas. Tran?. 1802, 

t^in 



taiii a -fited alkali and a volatile acid, siich as tHc 
Hitrate^f pbt-ash and the hfiuriate of soda. Tfie 
tfktflinebas^ directs part of its action on the alu- 
lAJne, and thu§, that which it exercises on the 
acid is diminished, while the tension of the latter 
ii increased by the heat, and finishes by producing 
its 'separation, conformably to the theory which 
I have laid down on distillation (245).^ 

351. The action of alumihe on water is consi* 

derable ; but it varies according to the state in 

which it is found, as is proved by the important 

experiments of Theodore Saussure. This stcilful 

phitoisopher has noticed that the alumine acquired 

an appearance and properties, differing according 

to the circumstances of its precipitation from 

sulphate of alumine*; if the quantity of water 

does not exceed what is ilecessary to dissolve the 

sulphate of alumine, which is precipitated by 

ammonia or by carbonate of ammonia, the product 

1sa\i^hite, light, friable, very spongy earth, which 

adheres to the tongue ; he calls it spongy alumine^ 

But if the aluminous salt is dissolved in a veiT 

great quantity of water; the mass obtained, after 

drying the precipitate, at the same temperature, is 

transparent, yellow, and brittle, which has not an 

earthy appearance, which does not at all adhere to 

the tongue, which, with the same weight, occupies 

a volume ten or twelve times less than the spongy 

alumine. It res^embles gum Arabic or a dried jelly : 

• Journ. d^ Phys. Tom, OI, 

he ■ 
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be calls it gelatinous alumine. It is to be wished 
that he had examined whether this difFerence does 
not depend on the proportions of acid which 
the alumine might retain in the two circum- 
•tances. 

There must, without doubt, be intermediate 
states of combination of alumine with water; 
but the precipitates obtained in the analysis will 
most frequently resemble the gelatinous alumine* 
\ Spongy alumine and gelatinous alumine contain 
the same quantity of water, when they are dried at 
the temperature of the atmosphere ; but the first 
retains it much less strongly, and abandons it at a 
much lower heat: at a red-heat, but inferior to 
that which causes silver to enter into fusion, 100 
parts by weight of spongy alumine lose 58 parts : 
100 parts of gelatinous alumine lose only 48 and a 
quarter, at 130^ of Wedgwood's thermometer, 
and but 43 parts at the degree of incandescence* 

Saussure considers the spongy alumine which 
has lost the 58 parts of water, as absolutely de- 
prived of this substance, which does not appear to 
me to be proved; it is even probable that it re- 
tains some portion of it in the same state as that 
which is united to the gelatinous alumine ; that 
this water resists the action of heat, and that it 
could still be manifested, in both of them, by 
some method which would produce its decomposi- 
tion, that is to say^ by the action of some inflam- 
mable substance. 



He 
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•He 13 of opinion that Wedgwood's pyrometric 
flinders lose all their water by tlie first degrees of 
heat: he submitted one to the action of the fire 
which sustained no sensible loss from 29** to 170^. 
But he found, as he has himself observed, a great 
^iflference in these cylinders : Wedgwood was able 
to carry those which he proved to 940^ and he ob- 
served that one cylinder lost nearly two grains in 
the latter parts of the scale : now so considerable 
an error in a fact cannot be suspected in a philoso- 
pher of such experience. 

Saussure's experiments show how much uncer- 
tainty may remain on the determination of the 
alumine in chemical analysis: a gelatinous alumine, 
cauied to incandescence, a degree to which the 
alumine obtained in an analysis is rarely carried, 
$till contains 0»15 of water. In consequence of 
his Experiments, he only makes the alumine in 
sulphate of alumine to amount to 0.Q9, and in this 
estimate he neglects the acid which must be re- 
tained in the precipitate. 

Although, from these experiments, alumine 
shows that it has a great affinity for water; that 
several properties are dependent on it, and parti- 
cularly the flexibility and tenacity which it has 
when it does not contain any acid, and which 
render it so useful in the arts, the action which 
water exercises on it is nevertheless insufficient ta 
effect its solution ; which shows how important 
the consideration of the force of cohesion is to dis- 
cover the affinities which, latent in some circum- 
stances, 
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Stances, become active in others, and product eC- 
frcts which are afterwards attributed to foreign 
causes, 

353. Silexhas more disposition to combine with 
the alkalis than with the acids : if,, when it is re- 
cently precipitated, it is boiled with pot*ash> a 
considerable quantity of it is dissolved, M'hile, in 
the same circumstances, it is not dissolved by 
sulphuric acid^. 

Although its force of cohesion does not seem 
more considerable than tliatof alumine, since the 
saphire and corundum have more hardness than 
stones jn which silex predominates; it nevertheless, 
in general enjoys much more of this property, lye- 
cause it has but little affinity for water, while 
alnmine has a great one: if silex is found in se*- 
veral waters, it is only by means of the actjoit 
which the salts exercise upon it ; thus Black has 
shown that the waters of Geyser contain a little 
pot-ash, by means of which they hold silex in so- 
lution. 

Its force of cohesion is an obstacle to its com- 
binations which is so much the more efficacious 
when this iorce is met with at the same time in the 
alkalis^: hence it arises that silex only. dissolves in 
pot-ash and soda, which can form a liquid in whi^h 
they are much condensed : this is probably the 
cause which prevents its solution by lime, for the 
properties of mortar prove that lli6se two sub^ 

* Bergmso, de terra siliocd gp, Tom. IIi 

stances 
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Stances act with energy on each other : the action 
ofbariteS) ofstrontian, and of magnesia on silex 
ia not yet known. 

. When an acid is mixed with silicated pot-ash, 
the effects differ according to the quantity of 
water : if the silicated pot-ash is only dissolved in 
sixteen parts . of water, sulphuric acid does not 
produce any precipitate in it: it requires at least 
twenty- four parts of water for a precipitation to 
take place : the saline combination acts sufficient* 
ly on the silex to retain it in solution iu' the first 
case ; but the difference of solubility at length pro^^ 
duces a separation in which the sulphate remains 
with the water ; the silex, however, retains a por- 
tion of pot->ash which renders it fusible before the 
blow-pipe, as was obiserved by Bergman. The 
water only destroys the . combination of the pot- 
ash and the acid with tlie silex by the superior a»ffi- 
aity it possesses for the two first elements ; but 
its effect is subordinate to iti» quantity. 

All the acids can dissolve silex, but only when 
its force of cohesion is very much weakened by the 
action of a solvent, such as pot-esh or soda; so 
that after having produced a precipitate, they re- 
dissolve it, if it has not sufficient time to aggluti- 
nate: they retain the silex so much the more 
strongly as the action they exercise is more powers 
ful : thus, in this respect, the muriatic acid is su-» 
perior to all the others, except the fluoric acid ; 
but although there is no excess of acid, since both 
the acid and the alkali act on the silexi their com- 
bination 
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btnation has the property of retaining it in tola 
tion, until, by desiccation, its force of cohesion is^ 
sufficiently augmented to resist their action ; hence 
arise the gelatinous residues obtained by eyaporat-^^^ 
ing the solutions formed in the analysis of severdi 
. minerals, and from which the silex is not separated 
until after a strong desiccation. 

The fluoric acid, whose power is very great (87| 
also acts more on silex by it than the other acids : 
it dissolves it notwithstanding the cohesfion which 
it has in glass ; it carries off a part of it in the 
state of gas ; nevertheless, when the gas which is 
charged with it combines with water, the action 
of the latter causes it to abandon apart of the silex, 
vhich, in precipitating, very probably retains a 
little fluoric acid, as is indicated by the following 
experiment, and particularly by the analogy with 
other combinations which the action of water 
divides into one which is more soluble, and one 
which is less so, by the difference of proportions 
which it establishes. 

'When fluoric acid is saturated with an alkali, 
holding silex in solution, the precipitate which is 
formed, not only contains a little fluoric acid, ac- 
cording to the observation of Bergman, but it 
forms a triple combination which is a little soluble 
in water, and much more fusible by heat than that 
which is only precipitated by water. 

853. Glucine, for whose discovery we are 
indebted to Vauquelin, has a resemblance in charac- 
ter to alumine ; it, however, seems to have much 

more 
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more disposition to combine witih the acids; the 
saecbarice taste acquired by. its combinations 
seagns to announce a great saturation, so that it may 
reaUy be alkaline. The property which it has of 
forming a triple combination with the carbonate of 
attiinonia was emplpyed by the learned chemists 
who discovered it to separate it from alumine ; but 
this combination is weak, as the sole action of 
ebullition is sufficient to precipitate the eartk 
and separate the carbonate of ammonia from 
it 
, Zircon, discovered by the celebrated Klaproth, 
seems to hive less action on the acids, in which it 
does not dissolve unless it is in a state of great 
division ; it easily abandons them by the action 
of heat: it forms an insoluble salt with sulphuric 
acid : it is not attacked by the alkalis; their action, 
however, combined with that of. carbonic acid, 
can effect its solution when it is very much divid- 
ed : it may be said to be already in a state of sa^ 
turation. ' 

The gadolinite has been so little examined hi- 
therto, that the properties which may serve to 
distinguish it are but imperfectly known. 

Thus among the earths, some possess all the pro- 
perties of alkalis ; they can only be distinguished 
by the variable effects of the force of cohesion. It 
is not even their own insolubility w^ich» has served 
tQCstaUish their distinction from the alkalis, but 
that of some of their combinations* 

Ihe 
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'The insolubility, wlich may be united with a 
very great alkaline power, has led to the reparation 
of magu&sia from the alkalis, although it yields only 
to ammonia in its capacity for saturation. 

We have noticed earths which, by their proper** 
ties, are removed from those which possess the 
alkaline properties in their integrity ; these must 
be distinguished as particular substances: they 
have not therefore any general character, hut 
each has its peculiar habitudes with other sub- 
stances ; nevertheless, their properties areprincipally 
derived from their relations with the acids, with the 
alkalis, and with water, and from their force of 
cohesion. 



r 



CHAP. III. 

Of the mutual Action, of the Alkalis and Earths 

in Liquefaction. 

m 

354. I HAVE examined the properties of alkaline 
substances, without having neglected their secon- 
dary affinities ; I have considered the property of 
neutralizing acids as their predominant character; 
I have compared their capacity for saturation j 
I have endeavoured to determine what influence 
their degree of solubility might have in the differ- 
ent circumstances, but independently of a strong 
heat. While saturation veils the alkalinity, the 

insolubility 
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insolubility which marks the character of the 
earths, uniting with parallel qualities in the acids, 
is tlie principal cause« which determines the pro- 
perties of the combinations which they form with 
the acids, and which, in the neutral state, directs 
the phoice which each base can make between 
different acids to produce the same degree of sa- 
turation (71). This insolubility, which serves 
to distinguish the earths when it is absolute in a 
substance, or when it is found in such of its 
combinations as have principally engaged atten- 
tion, is not always accompanied by the complete 
properties of the alkalis, but we hav^ noticed ' 
earthy substances which have only imperfect al- 
kaline qualities, or which have even tendencies 
to combination analogous to those of the acids, 
and which, either with the acids or the alkalis, 
offer only properties which are peculiar to them : 
by this we have distinguished them from the 
alkalis. 

In this chapter I shall examine the mutual ac- 
tion which these different substances can exer- 
cise when they receive the liquid state by heat 
alone, and, consequently, the obstacle of cohesion 
IS removed. 

In the mutual action which the alkaline and 
earthy substances can exercise by the assistance 
of heat, it is much more difficult to separate the 
effects arising from the tendency they have to 
combine together, from those which are produced 
by the reciprocal action ^of the molecular, than 

VOL. II. T in 
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in the phenomena which we have hitherto exa- 
mfned: 1st, because they always take place be- 
tween substances whose force of cohesion be- 
comes at once very great, as soon as the cause 
of its disappearance is diminished: 2d, because 
the intensity of this cause, which is the expan- 
sion by heat, varies in a very extended scale, of 
M-hich it can pass rapidly through the different 
degrees, which are themselves not very distinct 
from each otlier. it follows, therefore, that con- 
fusion and uncertainty must be found in the ge- 
nerative properties of the greater part of tbe 
effects to which I shall engage the attention, 
and that, on this subject, we are frequently re- 
duced to point out some results of observation. 

354. Nevertheless, the effects of the affinity 
which produces combinations, may also be per- 
ceived in the mutual action of substances which 
are submitted to the action of fire : thus tbe 
acids, which, notwithstanding their volatility, 
can resist the action of heat in the combinations 
which they form with eartiiy-alkaline substances,,. 
accelerate their fusion, and promote their vitri- 
lication; sulphate of lime, exposed to a great 
fire, runs into a transparent glass*; sulphate ofl 
barites is reduced into glass, and also duate of' 
lime, in which the strong affinity of the acid can 
retain it, notwitiistanding its own volatility. 

* Darcet. Mem. sut I'Aclion d'un Feu long-temps continoe. 

' The 
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The effect of the acids must depend on the 
energy of their affinity, of their natiWal fixity, 
and of their peculiar fusihility : thus fluoric 
acid will produce a great effect by the force of 
affinity ; phosphoric acid by its affinity and its 
fixity; and boracic acid by its fixity and its fusi- 
bility : the effect of the bases, which differ 
little in their fixity, will depend on their affinity 
and their natural fusibility; in the last respect, 
poL-ash and soda will be more powerful in this 
order of phenomena than hme : magnesia, wiiich 
alone is very insoluble) will produce much less 
effect, notwithstanding the power of its affinity : 
it also abandons the greatest quantity of the vo- 
latile acids with which it was in combination ; 
but I am convinced that it retains a part. 

The combinations which will result from two 
substances, both of which can exercise a power- 
ful action on the earths, and which by that 
means diminish the force of cohesion belonging 
to each, must be very proper to second the ef- 
fects of heat on other substances ; hence arises 
the utility of borate of soda, and the phos- 
phates, in bringing other substances into their 
fusion. 

If the results of all the experiments which have 
been attempted on the fusiliillty of insulated 
earthy substances are examined, it will be seen 
that lime and magnesia are the only ones which 
have given doubtful indications of fusion, either 
by the strong fire of furnaces, or by means of 
T 2 lenses. 
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lenses, or, finally, by the heat produced by the 
combustion of charcoal in oxigen gas : but by this 
latter means silex, alumine, and barites have been 
softened *. This effect might be attributed to a 
portion of alkali arising from the charcoal, and 
exercising its action on these earths; but Hare, 
who employed the combustion of hidrogen gas 
by oxigen gas, says f that he has melted barites, 
alumine, and silex, on silver, as well as on char- 
coal ; but that he could only obtain very doubt- 
ful signs of fusion with Hme and magnesia; so 
that these two earths, and particularly magnesia, 
must be considered as the most infusible. 

355. In the reciprocal action by which the tenii 
of their fusion is accelerated, the earths and al- 
kalis show a power which has a marked similarity 
with the properties observed in them at common 
temperatures: silex does not exercise much ac- 
tion on alumine ; but lime enters into fusion by 
the simple contact of the alumine in crucibles: 
this led Darcet, who first gave precision to the 
determination of the effects of a strong heat on 
mineral substances, alone or in mixture, to be- 
lieve that this earth was fusible by itself, and 
served as a flux to the' other earths. Pot-ash 
and soda, which have the property of dissolving 
silex and alumine, also promote their fusion to a 
degree which appears to be far superior to the, 

♦ Essai d'un Art de Fusion, par Ehrman et Lavoisier. 
+ Memoir on the Supply, &c. 

effect 
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effect which could have proceeded from their own 
fusibility. 

When the •fusion is effected by means of the 
heat and the reciprocal action, the combination 
resumes the solid state ; but the temperature must 
be inferior to that which was hecessary to produce 
liquefaction, while each separate substance enjoyed 
its force of cohesion. 

The combination, therefore, is maintained with 
the properties which result from the mutual ac- 
tion; the specific gravity will be less than that 
of the insulated substances, but the fusibility is 
much greater: the substances soluble in water 
have lost this property, and the force of cohesion 
is capable of resisting even the action of the acids 
on the alkalis of the vitrified combination, when 
they are not in too great a proportion. 

'The action of the alkalis on silex is employed 
to form glass ; but to obtain some qualities in it, 
particularly that of being less brittle, lime is 
added to it, whose quantity is limited by its iii- 
fusibility. 

The more the heat is raised to which thevi- 
trifiable mixture is submitted, the greater is the 
poportion of silex which can enter into the glass ; 
but at a high temperature, pot-ash and soda vo- 
latilize: all that part Mhich is not retained with 
sufficient force by the silex, is therefore disen- 
gaged, so that the proportion of the silex augments, 
^nd that of the alkali diminishes to the term of 
the equilibrium between the expansive force of 

the 
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the caloric on the alkali and on the silex, and the 
action of the silex, which tends to retain the al- 
kali : the general laws of combinations are mani- 
fested in these effects. 

To effect vitrification, vessels are necessary 
which can themselves resist the greatest heat, and 
also the action of the glass : alumine alone 
could fulfil the first condition, but it is soluble 
by the alkalis : it is true, that the action of the 
alkalis is partly exhausted on the silex, neverthe- 
less the glass retains one sufficiently powerful : 
it can only be opposed by the force of cohesion 
which is procured to the alumine by desiccation 
and a strong heat, to which it has been previously 
submitted; nevertheless, a part of the crucibles 
liquefies, and enters into the composition of the 
glass : this effect can only be diminished. . 

The properties of glass, and all the condi- 
tions requisite for vitrification, are thus deduced 
from those of the substances which are employed 
to form it, and of the conditions which accom- 
pany the vitrification, as has been done by Loysel 
in an excellent treatise*. 

356. When glass is kept in fusion, it forms 
crystals at the bottom of the crucible, which 
have been observed by Keir ; this crystallization 
has, without doubt, much resemblance to that 
which takes place in a liquid. It would be in- 
teresting to examine the proportions of the sub^ 

* £s3^i sur FArt de la Verrerie. 

stances 
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stances, which oompose these crystals, and to 
compare them with those of the glass from which 
they proceed, and >vhich should form a more fu- 
sible combination that the symmetrical arrange- 
ment of the crystalline moleculae may be eft'ected 
in a liquid, as in that of salts. 

When glass is cooled very slowly, there is also 
a separation of the least fusible substances, which 
do not take the crystalline form, or take it im- 
perfectly, and which give a stony appearance to 
a matter which would have been maintained in 
the vitreous state by a more rapid cooling : hence 
the lavas, which were in the state of glass, lose 
this appearance by the slow cooling which they 
undergo, according to the observation of Hall. 
He has made another, not less interesting : it is, 
that after the separation, the substance, which, 
in part, is only in the state of a mixture, re- 
quires a much more elevated temperature than 
that which Would have kept it in liquefaction in 
the state of glass. Kirwan explains * this phe- 
nomenon very well, by the cohesion acquired by 
the least fusible substances, which separate, and, 
in this state, no longer exercise that reciprocal 
action on the other parts, which augmented the 
common fusibility in the state of glass : but he 
observes, that this effect must not be confounded 
with that of the evaporation experienced by the 
alkalis in glass, an evaporation which causes the 

• ObKrv. on the Proofs of the Huttoniau Theory. 

glass, 
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glass, that is kept long in fusion, to become 
lianler ; and it is known that the lavas also con- 
tain alkali. 

If the preceding observations cannot lead to 
an exact explanation of the phenomena of vitri- 
fication, and of the properties which characterize 
the combination which forms, glass they can^ 
however, indicate the causes, which I shall now 
resume. 

357. When two solid bodies are exposed to 
heat, the reciprocal action of the parts which are 
in contact, concurs with the expansive action of 
the heat against the resistance of the cohesion 
of each of these two bodies : hence an infusible 
substance may serve as a flux to one which is 
equally so ; the reciprocal action precedes the 
fusion and accelerates it, and, according to the 
circumstances, determines the proportions of the 
substances which liquefy. 

The substances which, by the energy of their 
action, can produce a mutual saturation of 
their properties, have greater effects in vitrifica- 
tion than those which do not show this disposi- 
tion, when their volatility does not prevent it, or 
when it can be subdued by the force which the 
combination produces. 

The fusibility which they possess when insulat- 
ed is another property favourable to the action 
which they exercise, and which may concur with 
the furmer. 

In 
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In combinations which are in a state of satura- 
tion, the elements also act as soon as the heat 
has destroyed the effect of their mutual condensa- 
tion, and then their natural fusibility can produce 
its effect. 

The reciprocal action of the elements of these 
combinations is weakened by all that which the 
other substances present can exercise on them: 
hence it arises, that if one of these elements is 
volatile, it may be disengaged by a heat which, 
without this cause, it could have resisted : it is 
thus that sulphate of soda and sulphate of pot* 
ash are decomposed in vitrification, and by that 
means their alkaline base is enabled to enter into 
the composition of glass. When the vitrified 
parts are sufficiently united to have but one com- 
mon and resulting action, the glass is transparent; 
its particles do not exercise a separate action on 
the rays of light ; it must be considered as a 
complete and uniform solution, as an homoge- 
neous substance ; but when, by the reduction of 
the temperature, the parts can separate and exer- 
cise an action which is peculiar to them, the glass 
acquires opacity and an earthy appearance : this 
effect arises from some substances being capable 
of having too great a force of cohesion, while 
others preserve the liquid state. This cause limits 
the quantity of lime which can be added to glasses 
composed of silex and alkali, and which, not- 
withstanding its alkaline properties, must not ex- 
ceed 0.07 of the 3ilex : if it exceeds this quan- 
tity, 
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tity. " although it is perfectly melted in the ope- 
" ration, the lime precipitates by cooling, it sepa- 
" rates from the' alkali, and the vitreous mass be- 
** comes opaque*.*' 

As the properties of substances become com- 
mon, and nearly in a mean, in glass, the alkali 
in it loses its solubility, even in the aci^s, but 
the silcx acquires a great fusibility : lime dimi- 
nishes the fusibility ; oxide of lead increases it. 

358. Many aggregates or combinations are 
formed without the assistance of heat, which have 
a great correspondence with the products of vi- 
trification ; that is to say, in which simple sub-^ 
stances contract a union which renders their pro- 
peities common: the force of cohesion resulting 
from it is not only equal to that arising from the 
liquefaction, but it may be greatly superior to 
that of all tho substances which have been vi- 
trified. These combinations may also receive 
different proportions into their composition, ac- 
cording, to the circumstances in m hi ch they are 
produced. 

The combinations which are thus formed are 
not composed of earthy substances alone; they 
can also receive oxides into their composition, or 
aggregation ; and when these are found in them 
in a certain quantity, they pass into the class of 
minerals. There is something arbitrary in this 
methodical separation ; because it is not only the 

♦ Essai sur I'Art de laVerrerie. . . ' 

proportions 



AND EARTHS IN LIQUEFACTION. 283 

proportions of the ingredients which are consider- 
ed, but their importance with respect to their value 
or their utility in the arts. 

If these aggregates or combinations have many 
characters in common with the products of lique- 
faction by the fire, they have also differences which 
must be attended to. 

When the liquefaction is complete, the lique- 
fied substance is in an uniform state ; its proper- 
ties result from those of all the substances which 
compose it; it is only by being cooled very 
slowly that it can form particular combinations, 
whidi then separate from those which retain the 
most fusibility. 

In liquefaction, only that quantity of the vola- 
tile substances remains, which can be retained in 
combination at the degree of heat necessary to 
the fusion. 

On the contrary, when an aggregate or com- 
pound is formed by a successive juxta-position, 
several substances of different composition may 
be united in proportions, which vary according 
to the periods of their union : they can retaia 
volatile substances, such as carbonic acid and 
water, in their composition, in greater quantities 
than if they had been exposed Tb the heat neces- 
sary to their liquefaction ; they can also receive 
substances which,- in the fire, could not retain the 
organic disposition found in them ; finally, they 
sometimes form uniform and transparent com- 
pounds, but frequently they can only be consi* 

dered 



284 MUTUAL ACTI019' OF ALKALIS 

dered as a mixture of different substances, each 
of which exercises a reciprocal action with the 
adjoining substances, only at the surface by which 
they are in contact. 

It is by these differences that mineral sub- 
stances, arising from the action of fire, can 
be distinguished from those formed by juxta- 
position ; but when the liquefied substance has 
experienced a very slow cooling, it may have 
lost its homogeneity, as we have seen, and then 
it will be difiicult to determine its origin. 

359. Whatsoever may be the origin and forma- 
tion of a mineral body, it may contain a certain 
proportion of a substance which, M'^hen alone, 
would have a great solubility, but which loses it 
by its combination with solid substances, whose 
insolubility it diminishes : thus pot-ash and 
soda enter into the composition of glass, which 
acquires a fusibility corresponding to the quan- 
tity which it contains. These alkalis are also 
found in the compound minerals which are formed 
either by the action of the fire, or by any other 
means. Kennedy found pot-ash in pumice-stone, 
and soda in basaltes ; long since, Monnet ob- 
tained pot-ash from the aluminous earth of La 
Tolfa; Bergman and Vauquelin also found it 
there ; and since alum can be obtained by treat- 
ing the greatest part of the clays, carefully wash- 
ed, with sulphuric acid, it may be concluded 
that it is usually combined with clay; Klaproth 
. and Vauquelin found pot-ash in the leucite and 

iu 
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in the lepidolite ; Vauquelin obtained it from the 
feldt-spar pf Siberia; and the proportion of these 
alkalis may be such, that Klaproth obtained 36 
parts of soda from 100 of crysolile* : now glass 
of a good quality should only contain 25 of al- 
kali, and 75 of silexf; nothing, therefore, can 
be ascertained from the nature of the substances 
found in minerals, with respect to their origin, 
unless these substances are volatile. 

The force of cohesion may conceal the elements 
pf a compound mineral, and their essential pro- 
perties, that is to Say, those which depend on the 
action which they can exercise, or on their ten-^ 
dencies to combination. Their aggregate, or 
their mutual combination, only offers the mecha- 
nical properties which depend on the cohesion, 
or on the gravity; those which are derived from 
the more or less symmetrical arrangement which 
their moleculas or their integrant particles can 
take; and, finally, those which may depend on 
some accidents of little importance to the compo- 
sition, such as the colours. 

360. These qualities may, without doubt, be 
useful guides to recognize and class these mine- 
rals, but it is only the determination of the sub- 
stances which compose them that can lead to a 
philosophical knowledge of their composition; 
to that which embraces all the relations which 



• Klaproth. Beitrage, &c. Dritter Band, 
t Essai sur I'Art de la Verrerie. 
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a simple or compound substance may have with 
all the other substances, and all the advantages 
which they may offer to the arts. 

This application of chemistry to the knowledge 
of minerals has lately acquired great perfection 
from the scientific labours of Klaprotb, Vauque- 
lin, and several other chemists, who follow their 
footsteps with success. 

In the mean time, if we consult the excellent 
summary of the analysis of stones, for which we 
are indebted to Vauquelin * we shall see that this 
analysis is simplified in proportion to its progress, 
as is the case with every branch of the sciences 
which advances in perfection, while the minera- 
logists, who were desirous of striking out a parti- 
cular path for themselves, have strewed their sci- 
ence with difficulties. 

To direct this analysis, the mineralogical cha- 
racters of the substance to be submitted to it 
should be consulted, at first: but, without affix- 
ing more value to these indications than they 
ought to have. Vauquelin says, " hardness is not 

* a property on which more depiendance can be 
' placed than on colour ; the same substance en- 

* joys many degrees of hardness, according to the 

* circumstances which have accompanied its 

* formation The specific gravity also leaves 

' much uncertainty and want of accuracy, since 

* it is very rare to find exactly the same weight 



* Ann. de Chim. Tom. XXX« 
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** in the several varieties of the same body; and 
*' minerals of very different natures have fre- 
** quently gravities which are very similar.. ...Nei- 
" ther, in a great number of cases, is the crystal- 
'* line form capable of showing the nature of mi* 
"nerals; for many of them have a similar one, 
'* or at least such as appears so to our senses : it 
" is thus that some celebrated mineralogists, by 
" taking this property for the basis of their sys- 
" terns, have united a multitude of substances 
" very different in their nature, and have sepa- 
** rated others perfectly homogeneous." 

If the substance to be submitted to' analysis is 
a stone, it is prepared by reducing it to a pow- 
der by mechanical means : frequently this method 
is not sufficient to enable the chemical agents 
employed to separate the substances which were 
united. 

Those substances, therefore, which oppose too 
much hardness to the agents of analysis are treat- 
ed, by melting them with a. considerable propor- 
tion of pot-ash or soda ; the compound which 
results, not only acquires much solubility, but 
the insulated combinations, which retained parti- 
cular properties in their union, now form but one 
substance, in which all the elements exercise a 
reciprocal action, and yield to the different che- 
mical effects by their solution in water. 

If the force of cohesion is very considerable, it 
is possible that the action of pot-ash or soda may 
not be sufficient : thus Chenevix was unabltf to 

liquefy 
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liquefy corundum, except by means of the borate 
of soda. 

When by these means the obstacle of the force 
of cohesion is overcome, the processes to be em- 
ployed are very analogous to those by which, 
after the example of Scheele (326), the distinc- 
tion and separation of the different acids found 
in vegetable substances is effected. Oh the one 
hand, the acids which may exist in the substance 
to be analyzed are separated by means of the dif- 
ference of solubility which their combinations 
with the alkaline bases possess ; on the other, dif- 
ferent acids are employed to form combinations 
with the earthy or metallic bases: those which 
refuse to unite with these acids, in a given cir- 
cumstance, are separated from those M'hich ex- 
perience solution; these are afterwards distin- 
guished from each other by the soluble or inso- 
luble combinations which they can form with the 
different acids ; so that the solubility or insolu- 
bility of the uncombined substances, and of the 
different combinations which they yield, is the 
fundamental property which serves to guide the 
analyses of bodies which do not experience de- 
composition in the operations to which they arc 
submitted. The difficulty is to separate the sub- 
stances which have much similarity in the proper- 
ties made use of; and that which requires the 
most care in the analyst is to determine the pro- 
portions of the elements of the combinations which 
separate, or which form, with accuracy. 

If 
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is only t.S : some can alloy in all quantities^ and 
others can only unite in certain proportions : som6 
have so strong an affinity with oxigen that it caa 
hardly be separated from therii ; others, on the con* 
trary, have a very weak one : the oxides of all of 
them comport theiiiselves in very different man- 
tiers with the acids, and with the alkalis. 

Among these properties, that which has mos^ 
iiifluence oil their apparent qualities and on those 
made use of in the arts, is the force of cohesion^ 
whose effects, combining with those of the figure 
of their moleculse, occasion a difference in theii* 
pliability, their elasticity, their ductility, andtheit 
malleability^ which seems to arise from " the mo- 
*' leculiae having the faculty of yielding to pressure, 
" by sliding over each other, so that the points 
" by which they are attracted, although really 
*' displaced, are always at distances so small that 
" the adhetence continues *.'* 

Finally, the metals differ from each othet in the 
combinations which they can form with sulphur, 
phosphorus, and carbon. 

The history of all the distinctive properties of 
metals forms a very extensive part of chemistry : 
I only purpose to compare their chemical action 
ivith that of other substances, and to indicate the 
causes of the particular phenomena which are 
owing to it 

' • Traitc de Miucr. par Hauyi Tom, III. p. 34di 
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CHAP. L 
Of the Reciprocal Action of Metats. 

362# Two obstacles oppose the action whicli 
the metals can exercise on other substances, as 
well as their reciprocal action, and diminish 
the effect of their affinity, their force of cohesion, 
and their specific gravity : we must examine their 
influence, and estimate their effects ; but since 
mercury remains liquid to 38® of the centigrade 
thermometer, below the freezing point of water, 
the first obstacle does not exist in respect of it ; 
it is therefore by the consideration of the pro- 
perties of mercury that the nature of this action, 
independently of the force of cohesion, whose 
effects we shall notice in the other metals, can 
be discovered. 

Although mercury be perfectly liquid, it never- 
theless has but a very weak tension at a common 
temperature : hence it can take the state of elastic 
vapour in a vacuum, and condenses in globules by 
a reduction of temperature ; but this effect i^ 
much less considerable than that of the greatest 
number of other liquids. 

As is the case with the other liquids^ an equal 
quantity of it will dissolve in a given space, at the 

same 
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same tempcratuTC, whether the space is a vacuum, 
or is filled with air more or less compressed 
(172); this explains the observation made by 
Monge and Vandermonde on the dissolution of 
mercury in atmospheric air *. 

Its tension increases with the temperature, and 
at 600** Fahr. can keep it in vapour, so that it is 
then equivalent to the weight of the atmosphere; 
since it augments proportionally with the tem- 
perature, it is seen that in the arts, when mercury 
and its amalgams are exposed to a high degree of 
heat, the air which is more or less heated can hold 
a considerable quantity in solution ; nevertheless 
the solution of mercury by the air can only be 
compared, to a certain point, with that of the 
other liquids, on account of the more intimate 
combination which this metal can form with oxi- 
gen by oxidating. 

This latter property principally distinguishes 
the metals which exercise an energetic action on 
oxigen : some of them, and particularly zinc, have 
a considerable tension, when the force of cohesion 
yields to the action of caloric, so that they are 
abundantly volatilized, as soon as they are in. 
fusion; but this tension does not produce the 
effect of solution by contact of the air, because 
an intimate combination with the oxigen succeeds, 
or even precedes the entire liquefaction ; so that 
the principle that a substance which has become 

♦ Mem de Y Acad, 1786, p. 436, 

gazeous 



$gi K£CIPROCAI> ACTION 

gazeous is found in equal quantity, at the same 
temperature, in a space which is a vacuum or filled 
with air, is not applicable to this circumstance. 

No solution in the air is therefore perceptible, 
except in those metals which have only a weak 
action on oxigen : thus, according to the obser- 
vation of Macquer, gold placed in the focus of a 
powerful burning glass is reduced into a vapour^ 
which gilds plates of silver exposed to this exhalation. 

If, at a low temperature, the tension of mer-r 
cury is very inferior to that of the other liquids, 
it appears that this difference depends, in a great 
measure, on its specific gravity, which is a force 
opposed to elasticity, and which concurs with the 
force of cohesion ; for the most evaporable liquids 
are generally the lightest : the elastic tension, on 
the one part, and the specific gravity and force of 
cohesion, on the other, may be considered as op* 
posit e forces. Nevertheless, the specific gravity 
must not be considered as the only cause of the dif- 
ference of the tension of metals in fusion, or even of 
other liquids ; but whatsoever may be the principle 
of this property, it must not be distinguished from 
the force of cohesipn, or the reciprocal action of 
the moleculffi which expresses all its eff^ects.. 

Thus, by its specific gravity, mercury retains 
gome of the attributesNof the force of cohesion, 
notwithstanding its liquidity ; the mutuat actiou 
of it:* moleculae will produce greater efiect$^ than 
th^t pf nior^ eyaporalile liquids ; it will therefore 
be inore easily reduced into globules, and these 
l^iU be blended by theif mutual action ; but this 

property 
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property is destroyed by the affinity of a metal 
which can incorporate with the mercury ; it dir 
minishes in proportion as the temperature becomes 
more elevated, and augments its tension. 

363. Some phenomena prove that mercury ex*- 
ercises an action on a certain number of sub- 
stances, stronger than the mutual action of its 
. moleculae; for example, it appears to hold a little 
water in solution, although Boerhaave could not 
discover any by a change in the weight; but 
what he employed was probably already saturated 
with water : iron which is kepi immersed in mer- 
cury becomes oxided, which it could not do ex- 
cept by means of the water which it decomposes : 
it adheres to the glass of a barometer, and acquires 
a flat surface when the water which it might con- 
tain, and that which might adhere to the glass, 
are carefully driven off ; by using the same pre- 
cautions to expel the water from a capillary tube, 
it attains its level in it*. 

Nevertheless, the action of mercury is only 
shown in a weak degree, and on a small number 
of non-^metalUc substances, with the exception of 
oxigen, sulphur, and phosphorus : the other me- 
tals give still weaker indications ; Rumford found 
that plates of gilt silver did not acquire any weight 
by keeping them in the most humid air, while 
pvery other substance which he submitted to the 
$ame trial acquired more .or less f. This pj-opcrty 

• Seances des Ecoles Normalca. Tom. III. p. 50^ 
t PhilQs. Trans. i7&?; . 

'pf 
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The same effects are observed in this solution of 
the metals as in those which are effected by the 
other solvents (16) : at first the solid metal takes 
the mercury until the force of cohesion is suffix 
ciently destroyed to enable the latter afterwards 
to effect its solution and render it liquid, and be- 
fore entering into solution the first becomes so 
much the more brittle, as it takes a greater quan- 
tity of mercury. 

The solution is more rapid and easy, as the 
quantity of the solvent is more considerable : heat 
favours this combination by the diminution which 
it produces in tlie force of cohesion of the solid 
metal ; it is even necessary to some amalgams : 
but if the heat is too great, it becomes injurious by 
the volatility it gives to the mercury, and by in^ 
creasing this volatility to a certain pointy it sepa- 
Tates it from all its combinations with the other 
metals. 

In promoting amalgamation, the heat also acts 
by the motion which it introduces on account of 
the inequalities of the temperature ; this action is 
assisted by trituration, which brings the least sa*' 
turated parts of the liquid to the solid metaU 

Like the other solvents, mercury facilitates the 
combination of the metals with other substances 
which, before, could not act in a sufficient mass 
to overcome the force of cohesion ; so that the 
metals which are reduced into an amalgam, and 
which have a greater affinity for oxigen than the 

mercury, 
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mercury, which has destroyed their force of cohe- 
sion, are more easily oxided than in their insulated 
state. 

The comhinations of mercury with the metals 
tend to assume a crystalline form, and there are 
some which actually crystallize when they ate left 
undisturbed, as is observed in the amalgam of tin: 
this effect is analogous to that of the crystalliza- 
tion of salts in water : one part of the metal held 
in solution remains in the liquid, while another 
part crystallizes with another quantity of mercury 
which is determined by the force of cohesion be- 
longing to the combination : a division of the 
solid metal takes place, and two combinations are 
formed, one of which has an excess of this metal, 
and becomes solid, the other with an excess of 
mercury remains liquid. 

Since these amalgams have generally a con- 
sistence which opposes this effect, it is more easily 
produced by keeping the solution at an elevated 
degree of heat, and by employing a great propor- 
tion of mercury : it is thus that Sage effected the 
crystallization of several amalgams, and he ob- 
served that the crystallization of the greater part of 
them, and even that of silver, took place at the 
surface of the liquid, although the amalgam of sil- 
ver was become heavier than the mercury itself; 
but that of gold crystallizes at the bottom : the 
first effect is explained by the greaterproportion of 
solid metal which enters into the formation of the 
crystals, and which, being lighterthan the mercury, 

will 
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will give more lightness to the part which crystal* 
lizes than to that which remains liquid, and in 
which the heaviest predominates, so that the spe* 
cific gravity of the amalgam varies according to 
the proportions : gold being the heaviest, the con- 
trary effect will take place. The figure bf these 
crystals is not that peculiar to each metal, but be- 
longs to the combination. 

These amalgams have so much the more liquidity 
as the proportion of mercury is greater in them> 
and when this is driven off by heat, it requires 
a more elevated degree as its proportion dimi- 
nishes: finally, the specific gravity of most of the 
amalgams, and perhaps of all of them, is greater 
than that of the metal and of the mercury taken 
separately. 

367' The alloys offer analogous properties^ with 
the exception of those which depend on the liqui- 
dity, at an ordinary temperature ; so that the 
amalgams are alloys of a metal, naturally liquid, 
with the solid metals. 

No effect is perceived in these combinations of 
the metals with each other similar to that observed 
in combinations in which the opposing* properties 
are saturated: on the contrary, a distribution of 
properties is made in the ratio of those possessed 
by the elements, and of the quantities which unite : 
an alloy may be said to be an intermediate metal^ 
with the modifications dependent on the reciprocal 
action of its molecule, but it retains all the distin- 
guishing qualities of the metals* 

The 
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The action which the metals exercise on each 
other is varied by the affinity, and by the relations 
of fusibility and specific gravity; so that, the 
affinity being equal, the metals are less disposed to 
alloy as they differ more in their fusibility and in 
their specific gravity, and when their affinity is not 
great the distance of their fusibility may be a 
sufficient obstacle to prevent their union : thus 
iron, which solders and unites easily with copper, 
and which in that respect, shows a sufficiently 
energetic affinity for it, nevertheless, can only 
alloy with this metal in a very small proportion, by 
means of fusion. 

In general, the alloys have more hardness than 
the metals of which they are composed, which is a 
consequenceof the contraction they experience; 
but this quality varies according to the propor- 
tion : by augmenting that of the most ductile 
metal, the alloy itself becomes softer, and, on the 
contrary, it becomes harder and more brittle by a 
greater proportion of the hardest metal : it is the 
same with the other qualities which each metal, 
in a more or less perceptible manner, communicates 
to the alloy, in the composition into which . it 
enters. 

On the contrary, the alloys have a greater 
fusibility than that which should result from the 
fnsibility of the metals taken separately : this 
effect also results from the reciprocal action which 
they exercise, similar to that observed is the 
mutual action of the alkalis and the earths ; and, as 

is 
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is the case in the earths, the action of three metah 
sometimes produces a greater effect than that of 
two ; it is thus that the alloy, for the knowledge of 
which we are indebted to Darcet, and which is Gothn 
posed of eight parts of bismuth, five of lead, and 
three of tin, acquires such a fusibility that it be- 
comes Uquid at a temperature below that of boiling 
water : this proves that the metals exercise a mutual 
action which determines their liquefaction, even 
while they are in the solid state, since at this tempe- 
raturie each of the metals is still far distant from en- 
tering into liquefaction by itself; an effect which is 
also similar to that observed in the mixture of the. 
infusible earths with each other (357). 

This effect of the mutual action of metals is also 
observed in the amalgams : bismuth has the 
property of forming a liquid amalgam which 
passes through chamois leather : that of lead has 
much less liquidity ; but if it is mixed with the 
first, that which it acquires admits of its passing 
through the leather. 

Bismuth exercises the same action on the other 
metals, particularly in the amalgam which it pro- 
duces in common with tin, and this is employed 
to silver glass balls which cannot be subjected to 
the usual process of silvering. 

Nevertheless, if the affinity of the metals which 
form an alloy is not also considerable, they retain so 
much difference of fusibility that the most fusible, 
enters into liquefaction before the other, when, 
they are submitted to a graduated heat, and the 

greatest 
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greatest part of it may even run off before the other 
begins to enter into fusion ; and if t^e alloy is 
composed of three metals, the most fusible can 
carry with it that one of the two others for which it 
has the most affinity, or whose fusibility differs 
least from its own. 

On this property is founded an operation in 
metallurgy which is called liquefaction, and in 
which silver is separated from copper by the inter- 
vention of lead. To produce this separation, a 
certain quantity of lead is added to the copper 
which holds the silver, and this ternary alloy is 
flattened ; it is then exposed to a heat which is 
just sufficient to melt the lead which carries the 
silver with it: if there is any gold in the alloy, it 
remains united with the copper, while the silver 
alone runs off with the lead : but as the action is 
modified by the proportions, when that of the silver 
is considerable, this metal is divided between the 
copper and the lead ; if, on the contrary, the 
proportion of the lead is too great, its action 
becomes too powerful, and liquefies a portion of the 
copper. 

For the same reason that alloying accelerates - 
liquefaction, it promotes the oxidation which was 
opposed by the force of cohesion, as we have 
observed that the metals dissolved in mercury are 
much more easily oxidated than when they possess 
their force of cohesion ; t)ut this effect precedes 
the actual liquefaction, and takes place as soon as 
the force of cohesion is su^ciently diminished ; 
VOL. II. ' X Proust 
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Prou8t says*, " when platina is combined* irith the 
other metals, it oxidates more easily than: has 
^litherto been believed. Platina, therefore, has this 
property, like the other metals, in which a state of 
combination always favours oxidation." 

36:^. When the affinity of one metal for another 
is not sufficiently powerful, in all the proportions, 
to overcome the obstacles opposed by the mutual 
affinity of the particles of each metal, the diffe- 
rence of fusibility, and that of the specific gravity, 
a division is then made, such as we have seen is 
produced by the difference of solubility in the 
reciprocal action of the acids and alkalis (69i*69). 
iTie lightest metal forms one alloy in which it 
predominates, and which is placed above another 
alloy, holding the heaviest metal in the greatest 
proportion. Bergman has analyzed this phenome- 
non in the mixture of iron and tinf. If equal parts 
of iron and tin are melted, two alloys form, of 
which the superior is composed of one part of tin, 
and of TT of iron, and the inferior contains one 
part of iron and half apart of tin; if, therefore, a 
mixture is liquefied in which the tin does not 
exceed the half of the iron, only one alloy is 
formed, and one only is also formed when the 
iron is only Vr the weight of the tin : in the firsts 
the properties of the iron predominate; in the 
second, those of the tin : the intermediate quan- 
tities to those described produce the two alloys, 
whose relations vary according to the quantities. 

. ^ * Ann. de Chim. Tew. XXXVIIL 

t Bcigman. defcrro et statin, igne commix. 

Bergman's 
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Bergman's theory is applicable to the other metals 
which separate by forming two masses, whose 
proportions are determined by the respective 
specific gravities and fusibilities. 

According to Guyton*, these two alloys are ob- 
served with inverse proportions in the fusion of 
silver, and in that of lead, with iron^ 

When equal parts of lead and zinc are fused, two 
alloys also form, according to the observation of 
Baum6: I have ascertained that the upper con- 
tained lead, and the lower zinc. 
; Cobalt and silver also separate into two ingots, 
in each of which the (existence of the two metals 
may be discovered by the colour alone, according 
to Gellert 

The saine chemist observed that when cobalt 
le^nd lead were melted together, the cooled mass se<^ 
parated into two ; whence he concluded that these 
two metals did not unite: but Wasserberg ob- 
servesf that if the cobalt is afterwards melted with 
iron, lead precipitates. 

Nickel and silver also give two separate masses, 
which, it has been asserted, were each formed of 
one metal without mixture: it is probable that 
they had not been submitted to a rigorous exami- 
nation, and that thcdouble alloy is a general phe- 
nomenon of metals, which do not unite in all 
quantities ; but that the proportions will vary in 
the different metals. 

• Ann. de Chim. Tom. XLIII. 
t Instit Chim. Tom. I. p. %^i. 

X 2 Tlie 



30t REO|V|l««AL 4k€TI0« 

Tbf difTereiice of the specific gravis ]i4iifficietit 
to e&tablUh a variation in the propoitionBof allpyf^ 
even in those in which it does not occa^icnn a aepaj^* 
ration on cooling, $o that if the liquid metal is left 
long undisturbed, a greater proportion of the 
heaviest metal will be found at the bottom : this 
shows *the necessity of mixing alloys carefully 
to obtain them in a uniform state* 

Almost all the alloys have a greater specific 
gravity than the metals which compose them taken 
separately ; this difference is sometimes consider^ 
able : Borda observed that the specific gravi^ of 
brass was nearly a tenth greater than that of the 
two metals which form it; there are, however, 
some exceptions : copper and silver have a Uwer 
specific gravity when they are alloyed than when 
insulated ; it is the same with the alloy, of geld 
and tin, with that of gold and iron, and with) that 
of bismuth and iron. This increase of vol^iM 
must be attributed to the same cause as that ob- 
served in ice and in some amalgams^ 

All the properties which we have just examined 
in the metals prove that they exercise a mutual 
action, similar to that of other substances which 
in their combination do not sensibly produce a sa- 
turation of the.opposing properties, but which tak4 
a medium between those which each possessi^s, ac* 
cording to their energy, and apeordtng to theifr 
respective quantity : it is oiily the properties de* 
pendent on the reciprocal action of the molecul^ 
which receive an alteratibq, caused by the agproxi- 

mation 
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mstiov of these moIeculsD, or by the form which 
they take: the action of caloric concurs with the 
recipr6cal affinity of the metals, to destroy the ef- 
fircts of the cohesion which, at first, had acquired 
^ increase by the condensation arising from this 
tfiinity. 
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CHAP. II. 

OftheOiides, 

S69. The predominant character* of iftctallid 
substances in their inftammability, 6r the affinity 
which they have for oxigen : all the oth4r combi- 
nations whkh they are capable of forihing yield to 
this affinity unless the force of cohesion has suffi- 
cient toergy fo support them. I shall now examine 
this property and its results, by comparing the 
tnetals, in this respect, with the other sirtiple bo* 
ii«s M^iich possess it, and by endeavouring to find, 
fci their primitive dispositions, the reasbn of the 
^henotnena which they offer in their oxidatfon. 
/'The oxidation of the metals, and the pr6perties 
of tfhe oxides which they form, depend on the 
strength of their affinity for oxigen, on their force 
ef cbhesi(ni, on their fusibility, on their volatility, 
on the degreesof oxidation which they can attain 
in prmortion to these qualities, on the condensa- 

tion 
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tion which the ozigeu experiences in them, and 
on the quantity of the caloric which it retains/ ^ 

The metals differ considerably in the affinity 
which they show for oxigen : gold, silver, and 
platina cannot commonly combine with it, except 
by the intervention of an acid, which, . by its 
action, seconds that of the oxigen, which must be 
in a state of condensation : it seems, however, 
that this difficulty of combining with the oxigen, 
in an elastic state, arises only from the force of 
cohesion of these metals, which require a high de- 
gree of temperature to take the liquid state: now 
this elevated temperature increases the elastic ef« 
fort of the oxigen gas proportionally, and conse- 
quently augments the obstacle to its fixation.; for 
silver, and even gold, when they lose thdr co* 
herence by forming a liquid amalgam with mer-« 
cury, are capable of being oxidated at the tempera- 
ture of the atmosphere. 

It may be objected to what has been just said^ 
that gold and silver are vitrified when they are ex- 
posed to tlie strong heat of burniug glasses* ; but 
by attending to the description which has been 
given of this effect, it will be manifestly seen that 
it was the action of some parts of the support 
which occasioned the vitrification of these metals, 
as it is the action of an acid which determines their 
oxidation and solution, since the colour of the 
vitrified part varied according to the nature of the 

* Macquer, Diet, de Chim. au mot verre ardent, 

support; 



support; and since the latter vitrified at the part 
vhich held themetali apd formed a glass icoloured 
by its oxide. 

la fact, the oxides of these metals which can 
only be formed bj^ a concurrence of causes, easily 
resume the metallic state* when they are exposed 
to the action of heat, and cease to be protected by 
a resulting affinity : it cannot be supposed that 
this action, by being rendered more energetic, 
can produce an effect totally opposite. 
- This is applicable to the vitrification which 
Macquer observed ws^s effected on the surface of 
globules of silver enclosed in balls of porcelain 
paste : the combustion which the diamond and 
other combustible substances experience in vessels 
of porcelain closed with the greatest qare, >vheu 
they are exposed to a very elevated temperature, 
ihows that this substp^nce is not, in this circum-? 
stance, a security against the access of oxigen ; 
the silver was therefore subjected to the combined 
action of the oxigen and the porcelain : it was in 
thesame situation as an oxideof silver, which, when 
oombined with the earths, resists a high degree of 
heat : the effect might depend on the water re^ 
tained in the alumine, but the explanation would 
|>e the same. 

. 370. Since the force of cohesion is an obstacle 
to pxidation, the metals must resist the action of 
the oxigen in proportion to their hardness, and 
the elevation of temperature will intervene in pro- 
poFtiou to tbeif fusibilityi supposing their affinity 
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to be tbe sanif : thus some oietals which havf a 
strong affinity for oxigem such as zinc and Un, 
remain without oxidation, or contract a very 
slight qn^ on their surface, when they are left t x^ 
posed to the atmosphere ; but they oxidate as sooa 
^B tbey become, liquid, or even when they ap« 
preach the liquid stat^ and their force of oohesion 
is sufficiently weakened. 

.Although mercury seems to have an affinity for 
oxigen but little difierent from that of ^old and 
of silver, it nevertheless oxidates at a oeitain tem- 
perature ; that wbich^is near to its own ebullition 
i(eems most suitable to this efrect : if it had not 
the property of vaporizing at a temperature but 
}ittle elevated, it would aot combine with oxigen 
snore easily than gold or silver ; since whea iit Uk 
oxidated it ^b^ndons the oxigen at a temperature 
which i3 only a little higher tb^n that at which 
the oxidation was effected, and since, in the sup* 
position of a more considerable force of cohesion, 
it would require a heat superior to that in which 
it could remain an ox^ide, to destroy the obstacle; 

If, therefore, gold apd silver do not oxidate by 
the sole action of h^s^p, it is only because they r^^ 
quire a more elevated temperature to liquefy, than 
that at which the oxide ofraercury could exist. Him 
proves that even that force of cohesion Mrhich the 
mercury still retains in the liquid state, andwhosec^ 
fects must be blended with those of the specific grar 
vity, is an ob$tacle to its combination withoxigett>; 

"jf is only by keejping ifstfrogly »gititted in atmosn 

pheric 



pheric air> or ia water, that we can ittcceed irfpro- 
ducing a comineneeiDeBt of oxidation in which it 
takes the form of a black powder, but it cannot go 
beyond this first term, so that it must be reduced 
into the vaporona state tp enable it to form the 
red oxide : we shaU presently see what influence 
this state can have on its degree of oxidation.- i 

371. Another property which modifies the rcs 
sult^-of the affinity of the Tnetals for oxigen, and 
of the resistance of the force of cohesion, is the 
volatility which they acquire by heat. 

A metal which volatilizes as soon as it enters 
into liquefaction, auch as zinc,^ is quickly in the 
state most favourable for the combination (206); 
it will therefore immediatdy combine with a de* 
terminate proportion of oxigen, with that propor* 
tion in which the reciprocal action produces the 
greatest condensation ; then the ulterior action of 
the oxigen gas cannot surmount the obstacle 
which tl^ condensatAon opposes to it, as we have 
noticed in the formation of sulphureous and 
phosphoreous acid which cannot pass to the state 
of sulphuric and phosphoric acid except under 
other conditions, and in the production of water 
which receives constant proportions of hidrogen 
and oxigen at once. If the oxides which are thus 
formed are exposed to a superior heat, the fixity 
which they have acquired occasions the oxigen to 
be disengaged from them, which proves that the 
^eat only contributes to the oxidation because it 
^slffoys the miitapiec of ihe cohesion. 

The 
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Tbe preceding observations are appHcable to the 
oxidation of mercury, and explain the two degrees 
of oxidation to which it is limited. The recipro* 
cal action of its particles opposes its combin^tioti 
with oxigen; if this is diminished by mechanical 
means, it passes to a state of pxidation which may 
be compared to the oxigenation of sulphur which 
forms sulphureous acid : to produce a moreinti* 
mate combination, it is necessary that it should be 
reduced into a dense vapour ; then it is in solution 
in atmospheric air, and the two elastic fluids, 
which exercise a mutual action, enter into com- 
bination in the proportions which |>roduce the 
greatest condensation : in proportion to this con- 
densation the oxide which is formed precipitates^ 
and its moleculse collect like those of a saline sub^ 
stance which crystallizes in a liquid, or of a liquid, 
which, by a reduction of temperature^ passes slowly 
to the solid state. 

37S. This condensation of a metal and oxigen is 
not an hypothesis, but is proved by the fixity of 
the oxide which is a consequence of it : thus the 
oxide of mercury is less volatile than the metal : 
zinc, which is volatile at a degree of heat but little 
elevated, forms an oxide which resists the greatest 
degree of heat without being volatilized : the 
oxide of antimony is much less volatile than the 
metal : the oxide of arsenic is less so than arsenic, 
although these oxides have received an element 
into their composition naturally very elastic : but 
all the effect of the tension of the oxigen ?ind of 



thst 'of the metal is destroyed by the force of the 
affinity, and it is only when this tension ha^ taken 
a sufficient intensity that a more or less consi- 
derable part of the oxigen can disengage in gas. 
* It is evident, therefore, that the oxides will attain 
a term of oxidation which they cannot exceed in 
common circumstances, that is to say, j||vhen the 
affinity of the oxigen is not assisted by some cir- 
cumstance favourable to its action, and that they 
must more particularly reach this term when their 
volatilization permits them to exercise an action 
on the oxigen which 13 not counteracted by the 
force of cohesion and by the specific gravity. 

373. Some chemists, struck with the fixed 
terms to which some oxidations are limited, sup- 
pose that there is always determinate decrees to 
which the combination of oxigen , is subjected : 
they give nature a balance, which, subjected to 
their decrees, determines the proportions of com- 
binations, without any attention to the circum- 
stances in which the causes may be found which 
limit the action of substances having a tendency 
to combine, and of whose influence it is import- 
ant to theory to form an estimate. 

A chemist whose opinions have great weight, 
Proust, has particularly endeavoured to establish 
this doctrine, supporting it by several new and in« 
teresting facts : as the explanations I offer ar6 
founded on a different hypothesis, I think it right 
io give his opinion in his own words. 

"These 
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''These proportions always inTariable, tiiese 
'' constant attributes which characterise the true 
'' compounds of art or those of nature^ in one 
*' word, tbis^niM nmturmj so well observed by 
*■ Stahl ; all this, I say, is no more in the power of 
'^ the chemist than the law of election which 
^* go vernaall combinations*." 
. ProustTtherefores applies a principle to the ok« 
ides which he considers as general : he admits an 
dective affinity in substances, and he considers the 
pn^rtions which form e^ch combination as fixed 
by an invariable law. 1 shall not resume the dis* 
cussions into which I have entered with respect to 
other combinations, but it will be manifest that 
the consequences which I have drawn from the 
chemical action of other substances will veceive.a 
jpew confirmation from the properti<^ of the ex* 
ides, and thus acquire more generality. 
. I must, theiefore, show that the proportions of 
oxigen in the oxides depend on the same condi^ 
tions as those whidi enter into the other combi« 
nations ; that these proportions can vary, pro* 
gressively, from the term at which the coml^a- 
tion becomes possibly to that at which it acquires 
the highest degree; and, that when this efiiect 
4oes not take place, it is only because the condi- 
tions which I have pointed out become an obstack 
to this progressive action : I shall begin by oficr<« 

• Ann. de Cbiia. Tom. XXXU. p. 31. 

iog 



Wg' proofs of my opinion which' shall be developed 
io the-fbUowing chapters. 

*. S74. If the metals which oxidate by yolatUiz-^ 
iag -take at ooqe those proportions of oxigen 
which tnay be considered as constant, and if the 
determinate proportions of oxigen they receive, 
seem to favour the opinion against which I protest,' 
thia is not the case with those which enter into a 
tranquil fusion, like tin and lead : their oxidation 
advances from the lowest degree to a term, which, 
however, is not the extreme of the oxidation they - 
may receive in other circumstances, and the 
succession of colours, and of the other properties 
which accompany each degree of oxidation, is 
observed : thus lead forms an oxide which begins 
by being grey ; afterwards it passes to different 
sbakdes of yellow, and finishes by becoming red; by 
means of a circumstance which shall be discussed : 
iron also passes through different shades, and 
acquires different propeities in proportion as the 
oxidation advances : similar effects may be observ- 
ed iii several metals. . 

If> therefore, some metals, by a certain temper^ 
ature, acquire a degree of oxidation in* which thtj 
proportions of oxigea seem to be fixed, it is only 
because the conditions of the oxidation arethen the 
same, and all the combinations produced under th^ 
sau)e conditions must be uniform : now, it is chiefly 
When the axidation is effected at the moment when 
the elastic tension of the metals volatilizes thefti, 
that the conditions of the oxidation are principally 

found 
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found to be determinate ; but whether the ttietlt 
possesses the property of volatilizing, or whether it 
oxidates more ut^equally by successive deg^rees of 
heaty it is easy to discover that the combination of 
the o!xigen with it can vary, and that even inde^ 
finitely, from the period when, by the force of 
cohesion losing its preponderance, the oxidation 
becomes possible, to the extreme at which it 
ceases, unless the mutual affinity of the two 
elements is assisted by some other affinity which 
carries the term of oxidation farther. 

If the oxides> which are become fixed by the 
condensation produced, are subjected to a de^ 
gree of heat superior to that which occasioned 
their oxidation, they abandon part of their oxtgen, 
and remain in another state. 

Thus the oxide of antimony obtained by subli-^ 
mation, contains, according to Thenard*, 20 
parts of oxigen in 100: this oxide exposed to a 
gradual heat gave him four other degrees of oxi- 
dation which contaiued from 16 to SO parts of 
oxigen : although such of these results as only 
differed a few hundredth parts from each other 
cannot be considered as rigorously precise, the 
qualities shown by the oxides do not admit of a 
doubt that the proportions of oxigen were really 
difierent The same chemist concludes from the 
interesting experiments which he has made on 
cobalt that there exists at least four jpecies of 

« Ann. de Chim. Tom. XXXU. 

oxide 
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Dxide of cobalt; the blue oxide, the olive oxide, 
the ^ark brown (puce) oxide, and the black ox- 
ide, which have different proportions of oxigiea; 

Clement and Desorme found that the subliqfied 
oxide of zinc contained nearly 0.18 of oxigen ; 
but having urged it by a strong heat, it took a 
yellow colour, and they only estimated that which 
it retained at 0.1164*. They add, with reason, 
that it is probable that by heating the white ox- 
ide more strongly, it might be made to lose still 
more oxigen. It is to be observed, that, according 
to Vauquelin, whose accuracy is known, the 
oxide of sulphate and of nitratie of zinc contains 

0.3It. 
. This disoxidation by the force of heat is particu* 

larly observed in the ox ides which are formed with- 
out the volatilization of the metal, and which acquire 
different degrees of oxidation with more facility : 
in all of them there is a term in the temperature 
which is most favourable to the combination with 
the greatest quantity of oxigen ; beyond this term 
they lose a greater or less portion of the oxigen by 
heat, according to the temperature, and according 
to the force with which they retain it. 

When the red oxide of lead is exposed to a strong 
heat, part pf the oxigen is driven off, and it h 
brought to the state of yellow oxide; the oxide of 
lead could not, therefore, have acquired the pro- 
portion of oxigen which gives it the red colour, if 

• Ailn. de Chim. Tom. XLII. 
t Ibid. Tom. XXYIII. 

it 
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it was kept at the degree of heat A\rhich it reqdifes, 
or which it can, at leasts support, in taking the 
yellow shade; so that by exposing the red oxide 
to this same heat, it returns to the yellow colour 
by abandoning the portion of oxigen which makes 
the diflFerence of the two oxides : this explains 
why, in the fabrication of njinium it is finished 
by keeping the oxide some time at a more mo- 
derate heat than that which it had previously sup- 
ported, and that for this purpose, the communica- 
tion with the air necessary for the support of the 
fire, is intercepted. 

The oxide of manganese exposed to the action 
of the fire abandons a proportion of the oxigen so 
much the greater as the lieat is more elevatedj^and 
by this means it may be brought near to the state 
of white oxide ; but the heat must be progressive- 
ly augmented, so that that which can disengage 
one part may not be sufficient to volatilize that 
which succeeds it: if the black oxide was only a 
mixture of the most oxided metal with that which 
is least so, as it must be supposed in the opinion 
which I discuss, and if there were no intermediate 
degrees of oxidation, the same temperature would 
be sufficient to make all the oxide pass from one 
state to the other ; but observation proves that, 
conformably with the other combinations, the 
oxide opposes a resistance, increasing as the 
quantity of oxigen diminishes. 

It is the same with the oxide of iron ; for if the 
xcd oxide is exposed to the action of the fire, it 

gradually 



gradually assuiTies a purple colcJur M^hicli becomes 
deeper and deeper, and thus it approaches to the 
black oxide. . . 

For the same reason, M'hen the oxidation of 
iron is effected' by a v^y high degree of heat, ■ it iV 
not the red oxide which form's, but a black oxide. 
The scales which are detached fromf fotged iron, 
and which have been employed by Priestley in se-^ 
veral experiments, under the name of jinery cin"' 
der^ are in this state. . ^ 

375. If the action of any substance seconds thiat 
of the heat, the oxide abatidons its oxigcn mdre 
easily, at least as far as the point* correspoildiri^ 
to the combination which' forms : when," on the' 
contrary, this substance -can combine With the 
oxide, it maintains the degree of oxid«tti6ii by all 
the force of the combination which it* cirt form 
with it, until the expansion which %e oxigen 
tends to take, overcomes this effect. ^ 

For example, the oxide of gold and that of 
silver are capable of melting with vitrifiable sub- 
stances which enter into combination with them ; 
they then sustain a degree of heat far superior to' 
that which would have been sufficient to reduce 
these metals: hence it arises that the oxide of 
silver which enters into vitrification with the 
earth which it dissolves in a crucible of clay, Can-* 
not be reduced, according to the observation of 
Sage*, except by the intervention of inflammable 
substances. 

• M^ffl. do TAcad. dcs Sciences, 1786. 

VOX-. II. Y The 
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Tlie substances which have thus the property 
of combining with the oxides also promote the 
oxidation of the metalsy as we have seen with 
gold and silver whreh had been exposed to-a strong 
heat on a support, capable of entering into vitrifi^ 
cation with their oxides (369). It is thus that a 
eupel HMde of jAosphate of lime, favours the 
formation of the oxides with which it can enter 
into combination, and not, as has been believed, 
because it can lodge the liquefied oxides in its 
interstices^ 

In this property of the resulting affinity 19 
found the reason of the diiferent effects which the 
acids and the alkalis produce on the oxides and 
on the metals : in general, the acids have a stronger 
action on the metals which are but little oxided, 
than en those which are much so ; they also 
favour the disengagement of oxigen as far as the- 
term of the oxidation which suits their combina- 
tion : the sulphuric acid drives off that portion of 
oxigen which constitutes the difference between 
the black and the white oxides of manganese, at 
a heat, much below that which would have been 
necessary to produce its disengagement if heat 
alone had been employed. 

The alkalis, on the contrary, which seem ta 
2iave a stronger disposition to unite with the metals- 
when greatly oxided, retard the disengagement of 
oxigen by heat : I have melted pot-ash with the 
black oxide of manganese^ which forms the 
combination described by Scheele, and remarkable 

for 



METAL tic oxtt>£a^ S2S 

for the vatiations of colour which its solution 
undergqes : it required a heat which would have 
beeii suflScieut to have driven off a part of the oxi- 
geft.from the oxide'alon^ but none was disengaged: 
the red oxide of lead is also capable of being 
melted with an alkali, without a disengagement of 
qxigen gas. 

276. A substance ma}'' also change the state of 
the oxide by the action which it exercises on the 
oxigea alone : thus the red oxide of mercury^ 
ground with mercury, shares its oxigen with an 
indefinite quantity of the latter, and forms an oxide 
.which varies according tp. the proportions, and 
which takes different shades of greyish yellow: by 
heating equal parts of iron-filings and red oxide of 
iron, Vauquelin obtained, without any gas being 
disengaged, a tota:l of black oxide which had no 
more than 0.25 of oxigen*, while the red oxide 
bad previously contained from 0.40 to 0.49 ; but 
there can be no doubt that by varying the propor- 
tions, oxides will be obtained in this manner, in 
which the oxigen will be found in very different 
proportions from those of the black oxide : an 
experiment of Chenevix proves, that, by a similar 
method, an oxide may be reduced much below the 
term of oxidation which^has been considered as its 
minimum, lie produced an oxide of copper which 
contained only 11t percent, of oxigen, by melting 
au o^ide which contained 30. with the same 

* Syst. des Conn. China. Tom. VI. p. l6l. 

Y 2 metal. 
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metal'**. The colour of this oxide is very near 
that of the copper ; he preserved it by using great 
precaution in introducing it into enamels, to which 
it gives a shade which is in great request, but very 
difficult to obtain* 

This action, which substances exercise on 
oxigen also, forms combinations which separate, 
and thus the metals are brought back to different 
degrees of oxidation, and to their entire reduction, 
by a heat considerably less than that which would 
have produced this effect alone : I have brought the 
white oxide of zinc to the state of yellow oxide by 
passing a current of hidrogen gas over it in a red- 
hot tube, but at a much lower heat than would have 
been required for this result without the hidrogen : 
on this depend the effects of the decomposition of 
ammonia by the oxides. Thenard observed that 
antimony, precipitated from its solutions by iron 
and zinc, was of a black colour, and contained only 
0.02 of oxigen. 

377. That which proves that caloric is only 
favourable to oxidation as a force opposed to 
cohesion (209), and that it becomes an obstacle 
to a more advanced oxidation, is, that when the 
extreme degree of oxidation which can be 
procured by the most suitable temperature isr 
attained, it is still very distant, in several metals, 
from that which can be obtained by bringing 
oxigen into action, when it is conde^sed and 

• Philos. Trans. 1802. 

weakly 
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weakiy retained in anotiher coml^ination : thus 
jnore oxigen is given to the red oxide of lead, by 
meatis of oxigenated muriatic acid and of nitric 
acid, as had beea noticed by Schecle, and as has 
teen particularly shown by Proust: by this means 
the oxide acquires a brown colour, and it easily 
abandons the excess of oxigen which it had 
received by heat. Chenevix seems to have pro- 
duced a similar super-oxidation also in the oxide 
of mercury. Thenard has remarked that antimony, 
'which by the action of fire could only take 0.20 of 
oxigen, might receive as much as 0,32 by similar 
means. The oxide of arsenic is converted into an 
acid, in the same circumstances, by combining 
.^vith a new quantity of oxigen. 

The effects whicti I have attributed to the greater 
condensation produced by the reciprocal action of 
oxigen and a metal, in determinate proportions, 
disappear before the action of heat, M'hich destroys 
them by dilatation, as is observed in the decompor 
6ition of nitrate of pot-ash, and in all similar cir- 
cumstances (184)^ then the last portion of oxigen, 
which increased the condensation, yields to the 
expansive action, and the oxigen is only retained 
in proportion to the quantity of the metat which 
acts upon it ; so that tlie required force of heat 
must increase as the quantity of oxigen diminishes; 
if this effect is not observed in the reduction of 
mercury, it is because this metal is very volatile, 
and the expansion which it acquires is prejudicial 
to the action which it exercises on the oxigen. 

It 
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It has been thought that the metals which were 
greatly oxided were much more difficult to reduce 
than when they were less so ; this seems to be true 
with the bkck oxide of mercury, in which the 
Qxigen is less condensed than in the red oxide: it 
may be conjectured that the oxide of antimony in 
which Thenard found only 0.02 of oxigenisin 
the same state; but in the other oxides no . 
sensible difference is observed, which must be the 
case, since the heat is able to drive off part of 
the oxigen, and thus removes the difierences of 
condensation which depend on its proportions : I 
have compared the reduction of oxide of tin, strong- 
ly oxidated by the action of nitric acid, with that 
of tin in the first stage of oxidation, apd have not 
found any difference in tlie degree of heat required 
for the two. reductions. 

Thenard says^ indeed, thatthe oxide of antimony, 
precipitated by the acids from the alkaline solution 
of antimony oxidated by nitre, requires a much 
stronger fire for its reductioit than the others ; but 
it may be conjectured that it owes this difference . 
to a small portion of alkali which it must have 
retained ; for I have shown* that antimony oxi- 
dated by nitre, is a combination of the oxide with 
pot-ash, and Thenard has determined the propor- 
tions of this combination. 

378. For a similar reason, oxidation will pass 
through its different degrees much more easily 

^ MciD. de r AcaiL des Sdenoes. 1788* 

when 
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* (^bcB the force of cohesion is destroyed ; and this 
is observed in the metals which have acquired 
liquidity* by their combination witli niercury^ 
and especially in that which they form with the 
acids : if they are at the loM^est degree of oxida- 
tiou in tlieir solutions, they can, by exposure to 
the air, pass insensibly to a much more elevated 
degree ; but this observation is only applicable to 
the metals which exercise an energetic action on 
oxigen ; in the others, the effect may be restrained 
by the resulting affinity of the acid. 

In a similar manner, the oxides precipitated from 
metallic solutions in which they were but weakly 
Oxidated, in the state of incoherence in which 
they are, and notwithstanding the saturation they, 
have already acquired, absorb successive quanti«< 
ties of oxigen, and attain a degree of oxidation 
greater than that which could have been given by 
heat alone, passing through different shades of 
colour : but it is to be observed that the colours 
of the metallic precipitates do not depend pn the 
degree of oxidation alone. 

379* Oxigea retains a greater or less quantity 
of caloric in its combination with the mi^tals as 
well as in those which it forms with other sul^ 
stances : on this depends a part of the propers- 
ties which distinguish the oxides in their relations 
with combustible substances: those of gold, silve^ 
and mercury, retain a great deal, whence it arises 
that their combination with ammonia detonates, 
either hy a 'slpghl; etevation of temperature, or 

«veB 
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even by compression (Notes XX. and XXL) ; 
the oxide of copper, which can also decompose 
ammonia by an elevation of temperature, does 
not, however, produce detonation, which shows 
that the oxigen has much less caloric in it: the ox- 
ide of silver yields a more violent detonation than 
that of gold, or of mercury, so that the oxfgen 
setms to retain more caloric in the first than in the 
two latter. 

380. The affinity of the metals for oxigen can- 
not be reduced to an exact scale, because the de- 
grees of saturation to which their properties, and 
those of the oxigen arrive, cannot be compared, 
and because the limits of oxidation do not depend 
solely on the affinity of the metals for oxigen, but 
also on their force of cohesion, and even on that 
of the oxides which they form. Nevertheless, the 
metals may be distinguished into those which can 
abandon the oxigen by the action of heat alone ; 
those from which hidrogen can take it ; those 
which require more efficacious means for its disen- 
gagement ; and, finally, those which experience 
only an imperfect or doubtful reduction : the 
metals of the first species are gold, silver, platina, 
and mercury : it seenis that lead has the same 
property, for when an oxide of lead is exposed to 
a strong fire in a crucible, globules sublime in 
4be metallic state, and if the remainder cioes not 
do the same, it is probably only on account of the 
great action which this oxide exercises on the 
earth of the crucible ; so that it vitrifies with this 
' earth. 
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^arth, and by that means is preserved in the state 
of oxide. 

Copper is in the second class ; for its oxide is 
reduced to metal by the action of the hidrogen of 
ammonia, or when hidrogen gas is passed over it 
at ar high temperature. After M'hat I have said 
above, it will not be surprising that the oxide of 
lead can be reduced by hidrogen gas at an elevated 
temperature, as has been shown by Priestley, and 
more particularly by Guyton, who proved that a ' 
quantity of water is thus formed corresponding 
with.that of the oxigen separated from tl^e metal, 
and that of the hidrogen which is absorbed. Arsenic 
acid also abandons oxigen to hidrogen, and by 
so doing resumes the metallic state, according to 
the observation of Pelletier. Bismuth is probably 
in the same situation. 

The oxides which cannot be entirely reduced by 
hidrogen, must all have the property of decompose- 
ing M'ater; when the hidrogen has produced all 
its reducing effect on the oxides at the same tem- 
perature, their remaining action on the uncom- 
bined oxigen will be an equal force: but the 
quantities of oxigen which each metal can retain 
in this state are different 

Some metals can be easily reduced by means of 
charcoal, and others resist it so much that only 
doubtful reduction]^ can be obtained : nevertheless, 
a judgnveut cannot be formed of the affinity of a 
metal for oxigen by the difficulty of its reduction 
alone : the fcuibility of the metal, the condensa- 
tion 
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Such of the oxides as, by their natural dispo« 
sitions, can receive a great proportion of oxigen, 
pass at length to a state decidedly acid, and form 
particular acids. 

Arsenic possesses this property in the highest 
degree: 100 parts of the metal combine at first, 
according to the valuation of Proust*, with 33 
parts of oxigen. In this state it has properties 
analogous to those of the very oxided metals: it 
dissolves readily in the alkalis, and very little in the 
acids ; it has acquired a fixity greater than that 
which is natural to it; but it is at the extremity 
of the proportion of oxigen which it ca'n receive 
by the aid of heat ; nevertheless, it can take a 
greater proportion when it is treated with sub- 
stances which contain condensed oxigen, and 
"which retain it feebly: it acquires much more 
fixity by becoming acid with this new portion of 
oxigen, so that the proportions of which it is 
composed produce a greater mutual condensation 
than in the oxide. If the effect of this condensa- 
tion is destroyed by heat, the portion of oxigen, 
which rendered it fixed, disengages in gas, it 
passes again to the state of oxide, and the vola- 
tility which it acquires causes it to escape from 
the action of heat which tends to disengage the 
remainder of its oxigen. 

This fixed acid passes readily to the solid state, 
and without doubt could be made to crystalline: 

« Journ. dc Phys. Tom. LL 
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from this disposition to solidityit possesses the 
property of forming acidulous salts with the alka- 
line bases which have less, as is seen in the salt, 
whose discovery is owing to Macquer, and of 
producing insoluble salts with the earthy alkaline 

bases (199). 

In passing to the state of acid, the oxide of 
arsenic acquires 20 ponderable parts of oxigen, 
which are Udded to the 33 it had before ; so that 
10() parts of metal produce 153 of acid. This is 
nearly the quantity of oxigen taken by iron when 
it passes to the state of the greatest oxidation ; 
but the same quantity of oxigen produces a diffe- 
rent effect with these two metals, which depends 
on tlie affinity each has for the oxigen. Highly 
oxided iron has not any sensibly acid properties, 
and arsenic acid has very powerful ones : the iron, 
by the stronger action which it exercises, satu- 
rates the properties of the oxigen with which it 
can combine, and, for the most part, renders them 
latent. Arsenic produces the same effect on the 
S3 parts with which it com1>ines at first ; but it 
preserves much of their natural properties in the 
20 parts which are added. 

The oxide of arsenic may be compared to oxi- 
genated sulphur and phosphorus, and still more 
to nitrous gas, which,, having no acid property, 
acquires acidity from the oxigen which combines 
with it. 

Fourcroy has designated the oxide of arsenic 
by the denomination of ar;senious acid, comparing 

it 
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it with the sulphureous and phosphoreous acidd^ 
in their relation to the sulphuric and pbosphciric 
acids ; hut the oxide of arsenic does not exercise 
an action on the alkalis stronger than the odier 
oxides, and several of them have even the supe^ 
riority over it It is true, that the acids combine 
feebly with it; but, in this respect, it is in the 
same situation as the highly oxided metals^ and 
the muriatic acid also acts on it more than the 
others ; it therefore seems to me to retain moie 
analogy with the other oxides than with the sul* 
phureous and phosphoreous acids, and that its 
properties are much better indicated by classing 
it with the oxides thap with the acids, not to 
speak of the inconvenience of making useless in- 
novations in a nomenclature to which Fourcroy 
was so useful a contributor. However, its ana- 
logy with sulphureous acid may be maintained 
when it combines with the alkalis, because it then 
performs the functions of an acid. 

Tungstic acid has an indistinct acidity, and 
seems to differ but little from the oxides, pro- 
perly so called, which can abandon a part of their 
oxigen. 

Molybdic acid has a more marked acidity, but 
it only retains that part of the oxigen to which 
it owes its acid properties, feebly ; so that it rea- 
dily resumes the state of oxide by the action of 
inflammable substances, and it then passes from a 
white to a blue colour. 

Chromic 
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Chromic acid, for whose important discovery 
we are indebted to Vaiiquelin, seems also to have 
properties decidedly acid, as far as can be con- 
icluded from the experiments which coald be made 
on the small quantities of it y^t obtained. 

Chromic acid is remarkable for the red colonr 
which it has in that state, and which it c6mmu« 
nicates to the red lead of Siberia, and to the spi- 
nelle ruby : in the state of oxide it ha» other co* 
lours which seem to vary according to the state 
of the oxidation ; it is thus that it gives a green 
colour to the emerald. 

382. It appears to me to result from the pre-^ 
ceding observations; 1st. That the metals, as welt 
as all the other substances which form combina- 
tions, take a proportion of axigen, which -does 
not correspond with their affinity alone, but with 
all the conditions which are favourable or contrary 
to their action on oxigen. 

Sd. That of these conditions, the temperature m 
that which has the most influence on the drffei^nt 
degrees of oxidation of the same metal; but thaC 
there is a certain term of the temperature which 
is the most suitable, by the effect which it pro- 
duces on the force of cohesion of the metal, 
without too much increasing the elasticity of the 
oxigen ; so that a lower degree would allow the re- 
sistance of the cohesion to predominate too much, 
and a more elevated degree would give too much 
energy to the elasticity^ and disengage a part of 
the oxigen which could have combined at an in*^ 
>f teq^perature; 

3d. That 
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3d. That the volatility of a metal whteh oii* 
dates gives it a fixed degree of oxidation. 

4th. That in such of its effects as are favourable 
to oxidation, heat only acts as a force opposed to 
the cphesion, since, when this obstacle is removed 
by other means, the oxidation takes place without 
an elevation of temperature. 

5th. That when, on account of its intcnsityy 
heat ceases to produce ox/dation, other degrees 
of it may be obtained by means of condensed 
oxigen, and of circumstances which favour its 
combination. 

6th. That in their reciprocal action with other 
bodies, the oxides show all the effects of a result- 
ing affinity. 

7th. That the properties of oxigen are found to 
be greater in these effects, the farther the oxida- 
tion has advanced ; and that, at length, when the 
qualities of the oxide admit of its combination 
with a proportion of oxigen, superior to that 
which gives it the properties common to oxides, it 
acquires those which characterize the acids. 



CHAP. III. 
Of Metallic Solutions and Precipitates. 

383. The metals only dissolve in the acids 
when they are in the state of oxide, as was dis- 
covered 
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covered by Lavoisier : these solutions give rise to 
a great number of combinations, according to the 
circumstances in which they are formed ; accord- 
ing to the proportions which enter into their com- 
position ; and according to the degree of oxida- 
tion : the insoluble salts and the precipitates which 
are produced from these solutions likewise offer 
many varieties: the oxides have also the property 
of forming combinations with the alkaline bases, 
of producing triple combinations with these bases, 
and with these acids, and also of combining to- 
gether : I shall confine myself here to pointing out 
the relations which are to be found between the 
metallic and other substances in their mutual 
action with the acids and the alkalis, and the ge- 
neral causes of the various properties which are 
offered by metallic solutions and precipitates : I 
shall only dwell upon some subjects on which 
chemists are not yet agreed, the discussion of 
which I had begun in the preceding chapter. 

A metal oxidates in combining with an acid, 
either by means of the oxigen which it a.bstracts 
from the atmosphere, or by the decomposition of 
the water, or by taking the oxigen condensed in 
a part of the acid itself. 

These tiiree modes of oxidation belong to the 
metals which have a strong affinity for oxigen ; 
but the first is the only one which can produce 
the oxidation of a metal which has but a weak 
action oti oxigen, when it is present with an acid, 
whose action has, at the same time, but little 
VOL. II, z energy; 
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^crgy • thus copper or lead placed in acetic acid, 
without the contact of the air, do not form atiy 
solution ; but if the mixture is exposed to the air 
oxigen is absorbed, and the solution takes place. 

If the action of the acid is more powerful, and 
if it is promoted by the action of heat, the same 
metal which could only be dissolved by the acces- 
sion of the oxigen of the atmosphere, acquires, 
by the concurrence of the more energetic acid, the 
properly of decomposing water, although it did 
not possess it in itself, and its oxide could be re* 
duced by hidrogen gas : this is observed in copper, 
which can dissolve in muriatic acid, and yields 
hidrogen gas ; arsenic, which cannot decompose 
water alone, offers the same ' property. 

The metals whose action on oxi^n is verv 
weak, cannot be oxidated in this manner: it is 
necessary that they should meet with^the oxigen 
in an acid which can yield it more readily than 
the water ; one part of the sulphuric acid then 
passes to the state of sulphureous acid, while ano- 
ther part dissolves the oxide which forms, without 
experiencing decomposition : a part of the nitric 
acid is, in the same way, reduced into iHtrous 
gas, or gazeous oxide of azote, according to the 
energy of the affinity of the metal foi* oxigen : 
finally, in the solutions of gold and platina, which 
can only take place with nitro-muriatic acid, be- 
cause tliey have too weak an action, either on 
the oxigen, or on the acids, the property possessed 
by the nitric acid of yielding condensed oxigen 

readily, 
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readily, is united to the action of the muriatic 
acid, which is much stronger than that of the 
first. 

In these solutions, the effects do not depend 
wholly on the affinity, either for the oxigen, or for 
the metal, hut also on the force of cohesion which 
forms a resistance. 

384. An oxided metal which dissolves in an 
acid causes its properties to disappear exactly like 
an alkali, and saturates corresponding quantities 
of the different acids, as I have observed with 
the alkaline bases. 

Since my Researches on Affmity, I have inves- 
tigated this property, by mixing together diffe- 
rent metallic solutions which were in a neutral 
state or nearly so, choosing those in which the 
mixture would produce a combination which pre- 
cipitated, or in which the two metals would be 
precipitated, and by making similar mixtures of 
metallic solutions with solutions of neutral salts 
which would produce a precipitate by means of 
their acid : in these experiments, 1 found only 
the nitrate of silver and the oxigenated muriate 
of mercury whose mixture produced a change ia 
the state of the neutrality ; the liquid part became 
acid. 

The principle which I have just laid down may 
be considered as general, with a very small num- 
ber of exceptions, and on this ground, the capa- 
city for saturation of the metallic substances may 
be compared with that of the alkaline bases (47) ; 
• - ■ z 3 thus, 
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thus> according to the valuation of Probst, 109 
parts of oxide of silver take nearly 29 of muriatic 
acid to form muriate of silver; but iOO parts of 
ammonia saturate 200 parts of the same acid : the 
capacities for saturation of these two bases will 
therefore be in the relation of 29 to 200 : the 
muriate of silver must be considered as being in 
the same state as the muriate of ammonia, when 
the latter is exactly neuter ; for if, for example, 
it is formed by mixing nitrate of silver, which is 
neuter with muriate of soda, tlie super natant 
liquid shows that the neutral state has not been 
changed by the exchange of base ; but the capa:- 
city for saturation varies according to the state of 
oxidation, and in this comparison it is necessary 
to employ solutions which can produce a neutral 
state, or nearly so. 

All the metals cannot produce a neutral solution, 
but some necessarily require an excess of acid, 
without which their oxide separates, forming an 
insoluble salt, and it only retains with it a greater 
or less portion of acid, according to the effect of 
its force of cohesion at a certain degree of oxida-^ 
tion, and that of the action of the water on the 
acid, which varies according to its quantity, ac- 
cording to the temperature, and according to the 
energy of the acid. 

385* Before Rouelle, the ideas on the character 
of the salts and on their differences were only 
confused : that celebrated chemist threw much 
light on this subjects which embraces a great 

part 
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part of chemistry, and which is interesting in 
all its considerations : he distinguished the salts 
which could separate into soluble salts, having an 
excess of acid, and into insoluble salts with tlie 
least acid possible, which he considered as neutral ; 
he, however, made another class of salts perfectly 
neuter, and of a mean solubility *. 

He also allowed tliat the precipitates obtained 
by means of the alkalis, contained a portion of 
acid, by which they were analogous to the salts 
■with the least acid ; but that they also retained a 
part of the substance which was employed to pre- 
cipitate them ; this, however, does not always 
take place. 

Filially, he distinguished from the preceding 
precipitates, those obtained from a metallic solu- 
tion by means of an acid, and he showed that 
these precipitates were salts with the least acid. 

There is not, perhaps, any inquiry that has 
thrown so much light on a multitude of combi- 
nations which the want of method had permitted 
to be confounded, and which has pointed out the 
relations between all those which chemistry nii^'ht 
produce with more accuracy ; nevertheless, many 
chemists have neglected the observations of 
Rouelle, particularly in classing the elective affi- 
nities; others, on the contrary, have considered 
them as too precise. 

386. At the term at which Rouelle stopped, it 
remained to inquire, ifthe proportions which form- 
* Hem. del' Acad. 1734, 
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ed the salti with excess of aci4 were constant, so 
that there could only be two combinatiQns, those 
with excess of acid, ^nd those with the least acid ; 
if combinations could not e^ist in intermediate 
proportions ; apd if these proportions depended oi^ 
circumstances which could modify the reciprocal 
action of the metallic oxide and the acid, but which 
were only to be considered as an obstacle that m^ght 
be removed in other circumstance : it must be re-» 
marked that Rouellehad the circumspection not to 
assign causes to the separations which be observed, 
and which, at that time, were enveloped in such 
obscurity as required ulterior labours to dissipate. 

Several chemists, therefore, consider it as a prin-s 
ciple which needs no farther examination, that 
combinations are formed in determinate propor- 
tions, and if proportions remote from them are 
discovered, M'hich necessarily happens in many 
cases, tliey are supposed to be only a mixture of 
combinations, of which one has the limited excess, 
and the other has the smallest possible quantity 
of acid ; if a super-abundance of acid is found, it 
is not in combination. 

I have combated tkis opinion in my Researches 
into the Laws of Affinity, and have endeavoured 
to show that an acid mav be combined with an 
oxide in different proportions, M'hich are esta- 
blished according to the circumstances which 
may augment or moderate the reciprocal action of 
the two substances, and according to the pro^ 
pcrties of the combinations which form : I have 
ap|»lied my observations both to the combination 

of 
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of tlie oxides with the acids, and to the oxidatiou 
of the iiietiils : the state of these two species of com- 
binations depends on the same causes. 

387- If M'e return to the observations of RoucHe, 
from which the opinion I discuss is derived, we 
shali see that \viien mercurj' and sulphuric acid 
are distilled, by a sufficient lire, a white and dry 
mass remains which lias supported afire superior to 
tliat which could produce the distillation of the free 
acid, and which deliquesces in a moist situation, 
and becomes liquid and transparent, witliout any 
separation ; if, on the contrary, a quantity of 
M'ann water is added to the white mass, or to the 
transparent liquid obtained from it, a yellow de- 
posit is formed M-hicli is the salt with the least 
acid ; by evaporating the liquid after this sepa- 
ration, it yields crystals which are the salt with 
excess of acid. 

We have here three combinations, that which 
becomes liquid by deliquescence, and which con- 
tains all the mercury and all the acid ; that which 
crystallizes with an excess of acid ; and, that 
which has the least acid : if the latter is washed, 
a salt continues to separate from it, which, rela- 
tively has more acid ; so that what remains con- 
tains more and more uf an excess of oxide ; whence 
it also results that in tlie first separation, the pre- 
cipitate retains so much less of the acid as tlie 
quantity of water brought into action has beea 
greater, until the insoluble salt attains a point at 
which it completely resists the action of the 
vater. 

Cut* 
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But, it will be said, the liquid formed by the 
deliquescence contains the two salts, and their re- 
ciprocal action renders that soluble which is not 
so naturally : it must then be admitted that the 
salt with the least acid, which separates at first, 
is also a conipound of the two salts, and that it 
is only at an indetermipate term that it can be 
finally freed from that which has an excess of acid. 

It will therefore be supposed that the soluble salt, 
and that which is insoluble, exercise such a re-* 
ciprocal action that the first can entirely over- 
come the insolubility of the latter : but is not a 
force capable of this effect, perfectly equal to that 
which produced the combinations? What is the 
ideal distinction attempted to be established, in 
not concluding from observation that the sulphu- 
ric acid divides its action between the oxide and 
the water ; that these substances act in the ratio 
of their quantity, so that when the water predo- 
minates, it separates a portion of the sulphuric 
acid, which then only retains a certain quantity 
of the oxide, the remainder of which is insoluble, 
and retains another part of the acid ; and, that 
these divisions are made according to the state of 
the opposite forces ? We may observe that, in 
the contrary opinion, it is requisite to admit the 
chemical action of water, by making a distinction 
between the affinity which it exercises, and that 
pf the two elements of the combination. 

The only difference I perceive between the 
action of ^n alkali which produces the metallic 

precipitates. 
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precipitates, and the action of the water, is that 
arisipg from the energy, which is greater in the al- 
kali, and leaves less acid in the precipitate, laying 
aside the very variable quantity of the precipitant 
which may enter into the composition of the pre- 
cipitate, in proportion to the affinity which it has, 
either for the acid or for the oxide. The alkalis 
also differfrom each other according to tiie force of 
tlieir alkalinity, their conceutralion, and the other 
circumstances which accompany their action. 

Tlie same observations are applicable to the 
properties which Rouelle found in the nitrate of 
bismuth and the oxigenated muriate of antimony. 
1 might here accumulate facts which prove that, 
both in these products of chemistry, and in natural 
combinations, a great variety of intermediate pro- 
portions between tlie salts with excess of acid and 
the salts with excess of oxide, are met with : I 
shall confine myself to referring to those which 
are set forth in the memoir which I subjoin (Note 
X^XH), and which was presented totiie Institute 
by A. B. Berthollet, my son. I shall only add 
one example taken from the analysis ofthear- 
seiiiates of cojiper : Chenevix, to whom we are 
indebted for tnis analysis, describes six species, 
in which the proportions of oxide and acid are 
different: he formed an artificial arseniate in 
which the acid was in a smaller quantity than in 
any of these species ; is it not probable that none 
of these species have constant proportions, and 
that those which are intermediate may exist ? 

We 
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We have, however, observed that several com« 
binations are formed in certain proportions by the 
degree of condensation which the elements expe* 
rience in those proportions ; that this cause may 
also limit the combination of the two elements to 
one or two determinate proportions as we have 
observed on the oxidation of mercury (371). 

388. It is the same with the state of oxidation 
of the metals, and with their proportions in the 
combinations which they form ^v^h the acids ; an 
acid can generally combine with a metal within 
a certain latitude of oxidation ; but the saturation 
is varied by the diiferent degrees of oxidation, the 
quantity being the same, or the proportion of the 
acid will be diiferent ; the cohesion belonging to 
combinations sometimes determines a separation 
into two combinations, one of which is soluble, and 
the other insoluble; the relation of these two 
combinations varies according to the circum-? 
stances, as we have seen in the sulphate of mer- 
cury ; but it may have fixed proportions, particu^v 
larly when the action of the acid is energetic, 
like that of the muriatic acid ; so that combinations; 
may exist which are constant both in the propor-* 
tion of the acid, and in the degree of oxidation, 
and there is nothing particular in this species of 
combination. 

Such is the case with muriate of mercury, not 
only with respect to the oxidation, but also to 
the proportions of acid with which it can sepa-^ 
rate : it appears Xo me that, in forming a combi-* 

Wtion 
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nation with the muriatic acid alone, wliich separates 
by its insolubility, or crystallizes, it can only be ob- 
tained in two states; either in that of oxigenated 
muriate of mercury, or in that of mmiatc of mer-f 
cury, or mild mercury: I have given a contrary opi-r 
nion in my Researches into Affinity, but in subse- 
quent experiments, with the exception of one, of 
which I shall speak hereafter, Ihave not found any 
sensible difference, in respect of the oxidation and 
the other properties, between the preparations 
which the insoluble muriate yields by different 
sublimations : even that which the precipitates of 
mercury allow to sublime by the process of Baycn, 
did not seem to me to differ from the common 
sweet mercury; but these precipitates give more 
or less saline sublimate according to the circum- 
etances of ihe precipitation, and if an excess of 
alkali is employed, scarcely any is obtained ; so 
that the proportion of the acid eliminated by the 
alkali, and of that which is retained by the oxide, 
may vary greatly. 

This division into two oxides, of which each 
has a determinate degree of oxidation, observed ia 
the muriates of mercury, as well as that of two 
fixed proportions of acid and oxide which takes 
place in some metallic combinations, cannot be 
considered as the most genera! fact ; tlie following 
observations seem to prove this, although there 
are some circumstances in which it is difficult to 
(ietermiue whether only one degree of oxidation 
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is established, or two distinct states exist at the 
same time. 

389* The oxides readily yield a portion of their 
oxigen, or even all of it to the same metal which 
has not a sufficient quantity of it to dissolve in 
an acid, and thus an oxide may be partly reduced 
tthat another portion may be more oxided. 

Chenevix having put oxide of copper, which 
had only 111- of oxigen, into phosphoric acid, it 
effected the solution : but for this one part of the 
copper gave all its ox i gen to that which entered 
into solution, and resumed the metallic state. 

Proust relates that mercury, left in a solution 
of oxigenated muriate of mercury, changes into 
mild muriate ; and Fourcroy has made a similar 
observation on the highly oxided sulphate of mer^ 
cury. 

The greater affinity of a metal which is but little 
oxided in a combination, for oxigen, gives it the 
property of taking it from another metal which is 
also in solution, and in a more advanced stage of 
oxidation : it is thus that muriate of tin, but little 
oxided, abstracts theoxigen from sulphate of cop- 
per, and reduces it to a weak oxidation, as is 
shown by the elegant experiments of Proust on 
this subject. 

In this change of oxidation, does the tin pass, 
at once, from the least to the most oxided state ? 
If its solution is left exposed to the air,, it gra* 
dually attracts the oxigen, as has been shown by 

Pelletier ; 
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Pelletier: it is the same with muriate of copper, 
and, generally, with all the metals wliich have an 
energetic tendency to combine with oxigen : when 
they are in solution, and but little oxided, they 
oxidate more and more until they pass to the most 
oxided state to wliich tlie solution can attain ; 
then it commonly happens that a part becomes in- 
soluble and separates, retaining a certain quantity 
of the acid. Is there not a great probability that 
the oxidation then advapces by progressive steps, 
and that there is no other exception but in those 
rare cases in which the combination, passing at once 
to the insoluble state, retains very little action on 
the oxigen, as we have seen in the muriates of 
mercury ? 

Proust has shown that when iron is put into a 
solution of the very oxided sulphate, which al- 
ways has a great excess of acid, the sulphate passes 
to the least oxided state : the iron is therefore ca- 
pable of taking a part of the oxigen from that 
Avhich is much oxided, to dissolve into a uniform 
state with it; this fact, however, does not give a 
simple result: during this action Iiidrogen gas is 
disengaged, and a yellow precipitate is formed, 
arising from the very oxided iron which retams a 
portion of acid ; hut in this precipitate, whose 
oxide is already red, as is proved by the action of 
the alkalis, the iron is in a lower degree of oxida- 
tion than tliat of a sulphate which has been well 
calcined ; for water can separate all the acid from 
this, which it cannot do with the first, 

I mixed 
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t mixed a solution of the least Oxided sulphate 
of iron with a solution of the most oxided, th^ 
mixture remained several days, at the temperature 
of winter, unchanged ; but in summer, a similar 
mixture became turbid In about 24 hours, and a 
yellow precipitation took place : if it is exposed to 
heat, it becomes turbid as soon as it liegins to be 
warm, and a deposit is formed : a divisioti of the 
oxigen IS therefore made, at least at a certain 
temperature, and the acid can no longer hold alt 
the metal in solution which has taken a mean oxU 
dation. 

If the liquid is evaporated without communica-« 
tion with the air, as soon as the precipitation of 
which I have spoken is made, crystals of a sulphate 
but little oxided are formed, and a much more 
oxided sulphate remains in solution, so that a new 
division of the oxigen is made when a crystalliza'» 
tion can be established. 

Even when a separation is made, the salt which 
. crystallizes may not be constant in its composition t 
in the fabrication of sulphate of iron, and especially 
when the iron is dissolved immediately in the 
sulphuric acid, the first crystals which are obtained 
are nearly without colour, those which succeed in 
the subsequent crystallizations take more and 
more colour, to a deep green, and, at the end, there 
is an incrystallizable liquid which is in the state of 
red sulphate. 

Thus it is evident that a division of the oxigen 
is made during the course of the crystallixation^ 

and 
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and that the sulphate of iron which crystalliase? 
has not fixed proportions of oxigen, Hke the 
mercurial salts ; it may be more or less oxided, and 
it passes by insensible gradations from one state ta 
the other. 

I'his variation, not only in the proportions of the 
acid and the oxide, but also in the degree of 
oxidation, is particularly observed in the precipi* 
tates which are obtained, as will be seen from the 
examples given in the note* 

Mercury itself only appears to take two constant 
states of composition at the moment when it cao 
separate into two combinations : when this metal 
IS dissolved in nitric acid, with the aid of heat, 
much nitrous gas is disengaged, and the most oxid* 
cd nitrate is formed ; but when this is produced, it 
dissolves a fresh quantity of mercury, without any 
disengagement of nitrous gas, as had been observed 
by Bergman. The mercury which was first dissol- 
ved, therefore, yields oxigen to that which enters 
into solution without the disengagement of nitrous 
gas : from the preceding observations it is not 
probable that it makes an uninterrupted transition 
from the most oxided nitrate to the least ; but the 
combination must be progressive, and the two 
extreme combinations, occasioned by the mixture 
of the muriatic acid, can only be formed at the 
moment when the separation of the soluble, or the 
insoluble salt from the water is determined by the 
action of this acid. . ^ ^ 

390. The 




METALLIC SOLUTIONS 

390. The following observation shows with wlia(| 
facility this transfer of oxigen takes place : if niij 
trate of n^ercury, of amean oxidation and whicli 
has not an excess of acid, is mixed with muriate p^ 
soda, an abundant precipitate of a muriate, bnt 
little oxided, is obtained; but if the solution of< 
mercury has an excess of acid, there is only ajj 
very small precipitation and the mercury is nearly^ 
all reduced to oxigenated muriate ; nitrous gaq 
is disengaged at the same time, so that thq 
mercury only takes the oxigen wliich it requiredj 
to form the soluble combination, at the moment^ 
when the action of the muriatic acid determinesj 
this oxidation : this easy change of state shows th»i 
necessity of circumspection in drawing conclusioiKj 
from the metallic combinations formed by means o€ 
a substance which separates them by precipU) 
tation. 

In the above instance, the nitric acid contribule^n 
by its excess, to the production of the oxigenated 
muriate, instead of the insoluble muriate which 
would otherwise have been formed, on the 0110^ 
hand, because, it can yield oxigen to it, and on tb%\ 
other, because it makes a division of the oxide, 
is very evident when this acid acta on »i 
mercury which is already formed. , 

If, therefore, sweet mercury' is treated with nitric 
acid, it dissolves it, yielding much nitrous gas; 
crystals of oxigenated muriate of mercury aie 
obtained by erapontlou, and the residue is nitrate 

of 



^ 



AKJ? PEJECIFITATBSi 353 

of mercury, ^hich gives the red oxide by evapora* 
tion and desiccation : pne part of the nitric acid 
has therefore taken its share of the merciiiy, white 
the other gave up its oxigen*. 
, The foregoing considerations seem to me to 
prqve that the combinations of the oxides vrith 
the adds have no property which distinguishes 
them from those of the alkaline substances, except 
the variable force of the combination which dc;* 
pends on the degree of oxidation; that, besides^ 
there are terms of saturation in these combinations 
at which they are separated by the forceof cohesioa 
peculiar to the proportions^ compared with the 
actk)n Xvliich the acid is able to exercise; but, 
that almost in all cases this obstacle only requires 
a greater or less addition of force in the aqidy that 
the separated salt may be redissolved, and receive 
very different proportions, in the liquid state, in 
which the elements act in the ratio of their affinity 
and of their quantity (310). 

Since the affinity of the oxides for the ^cids is in 
general very inferior to that of the alkaline ba3es, 
water can produce separations in them with mor^e 
facility, by the action which it exercises on the 
acid ; it then occasions a separation into a liquid 
combination and an insoli^ble corinbination ; the 
proportions of each depend on the forces which are 
in opposition. 

The alkalis ^produce a similar separation, but 
with more ener-y ; the precipitates, therefore, 

• Mem. de TAcaJ. 1780. 
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390. The following observation shows with^^'hat 
facility this transfer of oxigen takes place : if ni- 
trate of mercury, of a mean oxidation and which 
has not an excess of acid, is mixed witli muriate of 
soda, an abundant precipitate of a muriate, but 
little oxided, is obtained ; but if the solution of 
mercury has an excess of acid, there is only a 
very small precipitation and the mercury is nearly 
all reduced to oxigenated muriate; nitrous gas 
is disengaged at the same time, so that the 
mercury only takes the oxigen which it required 
to form the soluble combination, at the moment 
when the action of the muriatic acid determines 
this oxidation : this easy change of state shows the 
necessity of circumspection in drawing conclusions 
from the metallic combinations formed by means of 
a substance which separates them by precipi-* 
tation. 

In the above instance, the nitric acid contributes, 
by its excess, to the production of the oxigenated 
muriate, instead of the insoluble muriate which 
would otherwise have been formed, on the one 
hand, because, it can yield oxigen to it, and on the 
other, because it makes a division of the oxide, as 
is very evident when this acid acts on sweet 
mercury which is already formed. 

If, therefore, sweet mercury is treated with nitric 
acid, it dissolves it, yielding much nitrous gas ; 
crystals of oxigenated muriate of mercury are 
gbtained by evaporation, and the residue is nitrate 

of 
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of mercury, Airhich gives the red oxide by evapora* 
tion and desiccation : one part of the nitric acid 
has therefore taken its share of the mercuiy^ while 
the other gave up its oxigen*. 
, The foregoing considerations seem to me to 
prqve that the combinations of the oxides with 
the adds have no property which distinguishes 
them from those of the alkaline substances, except 
the variable force of the combination which de- 
pends on the degree of oxidation ; that, besides^ 
there are terms of saturation in these combinations 
at which they are separated by the forceof cohesioa 
peculiar to the proportions^ compared with the 
actk)n \vhich the acid is able to exercise; but, 
that almost in all cases this obstacle only requires 
a greater or less addition of force in the acidy that 
the separated salt may be redissolved, and receive 
very different proportions, in the liquid state, in 
which the elements act in the ratio of their affinity 
and of their quantity (310). 

Since the affinity of the oxides for the acids is in 
general very inferior to that of the alkaline ba^es, 
water can produce separations in them with more 
facility, by the action which it exercises on the 
acid ; it then occasions a separation into a liquid 
combination and an insoluble combination : the 
proportions of each depend on the forces which are 
in opposition. 

The alkalis -produce a similar separation, but 
with more energy ; the precipitates, therefore, 

• Mem. de TAcaJ. 1780. 
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generally retain a portion of the acid, but this 5^ 
varied by the energy of the alkali and by the 
affinity of the oxide for the acid. 

591. With respect to the oxidation, these mc» 
tallic solutions show little difference from the 
6ther means by which it can be effected, and 
which have been examined in the preceding 
chapter : it appears that in general the metals can 
dissolve from one term of oxidation to thart hi 
which it ceases to be possible ; but there are some 
metals which, by their combination, pass" from cine 
extreme of oxidation to another, as we have 
observed in the simple oxidation ; in some cif- 
cumstances it is difficult to determine whether 
the oxide takes a uniform state of oxidatioti, or the 
oxigen is unequally divided between the different 
parts. 

If a metal has a strong affinity for oxigen, tins 
affinity continues to have its effi^^ct when the metal 
is in solution, or even when the combination is 
crystallized, so that the state af the oxide, and 
consequently that of the combination, experiences 
a change which has only the greatest oxidation for 
its limit. 

On the contrary, tht metals which have only 
a weak affinity for the oxigen, form solutions 
and salts ^vhich do not change their state in 
the air, such are the solutions and the salts 
of mercury, silver, and gold. The acids seem 
in general to have much more action on the 

metals 



metals which are little. okided than on those which 
ace much so, when these metals are capable of pass-^ 
ing readily to different degrees of oiE;idatidn : for 
example, iron requites a greater or less excess of 
acid, when it is very much o^iLided, to retain the 
oxide in soliition ; consequently, if a solution of 
sulphate of iron is left in the air^ the metal^ not- 
withstanding the action of the acid which tends to 
maintain it itt the state in which it exercises the 
most powerful action on it, continues to oxidate i 
but the- power of the acid diminishing in-the sanie 
|iroportioh» a portion of the oxide, by forming a 
very oxided combination with the smallest quan-^ 
tity of acid, precipitates ; what remains in solution 
is retained by the overplus of the acid, so that the 
.combination is continually removing farther from 
the neutral state : at length the action of the oxi- 
gen on the metal is balanced by that of the acid^ 
and the liquid attains a state of equilibrium. 

The oxidesi thereforei become so much the more 
insoluble as their oxidation has made greater pro- 
gress ; hence it arises that they do not dissolve 
when they have attained a high degree of oxida- 
tion, and as nitric acid can readily occasion this 
strong Oxidation, some metals will not remain 
in solution with it unless its action is much 
weakened. 

3^2. For this reason, the muriatic acid, which 
cxercisesamorepowerfulaction than theotheracids, 
retains thehighly oxided metals more strongly, and 
dissolves the oxjdes when their power has leased : 

S thert 
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Proust has observed, tliat mercHry, kept iil i ^ 
lution of bxigenated muriate, is changed into s\v<je^ 
mercuryj be also remarks, that this metal form$ 
3wcet mercury when it is kept in the red muriate 
of iron, while it remains unchanged in the greeu 
muriate: Boullai exposed a solution of oxigenated 
muriate of mercury to the light, oxigen gas was 
disengaged, a certain quantity of mild muriate 
precipitated, and the liquid reddened the tincture 
of turnsole** ; so that the action of light is suffix 
cient to decompose the oxigenated muriate . of mer-* 
cury, but when it is brought to the state of sweet 
mercury, it ceases to act on it. It is to be bb^ 
sered , that in this experiment, light disengaged 
i)xigen gas and muriatic acid, while it only sepa-r 
rated muriatic acid from muriate of silver ( 128)« 

Gay Lussac mixed corrosive mercurial muriate 
with red oxide of mercury in a retort ; at first tfie 
former sublimed without experiencing ^ny ?^lteraT 
tion ; afterwards, the heat having been increased, 
the oxide was reduced, and $\veet mercury formed 
by volatilizing : having distilled some precipitate 
of corrosive mercurial muriate by a regulated fire, 
at first a corrosive mercvuial muriate sublimed; 
but by the augmentation of the heat, the oxide was 
reduced^ and changed the subrnnate intp sVect 
mercury, 

, Adet has shown that the oxigenated muriiite of 
Viii cau dissolve more of the metal, without a c|UeiiT 
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gagement: of hidrpgen gas, and that it then forms * 
a combination analogous to sweet mercury: the 
muriatic acid, therefore, must also have a stronger, 
tendency to combine with tin which is but little 
oxided than with that which is greatly so: it must 
experience a greater saturation of its properties, 
and be more strongly retained by it*. 

The same chemist has made an observ^itibn 
which deserves to be noticed : the ftiming muriata 
of tin takes the solid state, by combining with 
neater in the proportion of 22 to 7 ; this effect is 
accompanied with a disengagement of heat : in 
this case, therefore, thie water exercises a powerful 
aqtioi;!, and by it augments the reciprocal affinity 
of the integrant parts of the combination : it is 
the principle of the solidity which th^y acquire, 
ivhile in the generality of other circumstances it 
produces a solution, or the separation of a liquid 
and a solid combination. 

r 

. 354. The metallic precipitates owe their differ- 
ences to the greater or less quantity > of the acid 
which they, perhaps always, retain, when an excess 
of alkali is not employed, according to their degree 
of oxidation, which varies their affinity for the 
acid according to the concentration of the alkali 
. made use of, according to the species of the alkali, 
and, finally, according to all the circumstances 
capable of changing the state of the forces wKich 
.^re in action: they sometimes retain a pojrribii'Of the 

^ AnD. d^ Chin^. T«m, U 



-It'. 



360 WETALLTC SOLrTIOHS 




alkali ; according to Proust, the precipitate of 
oxigenated muriate of nieicury by lime, contains 
0.01 of its weight of lime; those produced by 
pot-ash and soda did not give me any traces of 
tlieni, but ammonia enters into the precipitate 
which it forms in a considerable quantity, as was 
observed by Bayen, and this precipitate contains a 
sufliciency of acid to be, in great part, reduced into 
sweet mercury, by sublimation: if by mixing 
oxigenated muriate of mercury and muriate of 
ammonia, the salt which is known by the name of 
alanbroth, is formed, pot-ash and soda produce in 
it a white precipitate which sublimes entirely in 
sweet mercury. In this circumstance, there- 
fore, pot-ash and soda act in the same manner as 
when they precipitate the solution of phosphate of 
lime in an acid (66). In respect of the oxidation, 
these white precipitates must not be blended with 
the other insoluble muriates ; tliey can dissolve in 
nitric acid without any disengagement of nitrous 
gas, 5o that the mercury is very much oxided ift 
them ; by sublimation they pass to the state of 
sweet mercury, but it is by the decomposition of 
the ammonia that this change is efl'ected, and 
azote gas is disengaged ; at the commencement of 
the operation, a little muriate of ammonia sub- 
limes. 

The sweet mercury obtained in this operation is 

y.ellowi:ih,particuIarly that which is the least raised; 

and it is attacked with difficulty by the nitric acid 

which yitlds a great quantity of nitrous gas : it 

appeaw 
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appi^an to me to give traces of a smaller proportion 
of^oxig^Di and perhaps of acid, than is found in 
; the common sweet mercur} (388). 
I '( iThe alkalis can carry off the acid which the oxides 
I Iwve retained, provided they do not themselves 
I ^is^t^lve them, and they then of^casion the disap* 

Ipeafance of the colour which the precipitate owes 
to the acid, and which is capable of causing such 
^ cbange in that which belongs to them, that the 
precipitate obtained from the oxigenated muriate . 
of mercury by ammonia, is white, although tlie 
9xide which it contains is red : the sublimate 
obtained from this precipitate is^ also white, 

: although its oxide is passed to the state of black 
oxide. 

w The solution of a metal but little oxided takes 
^xigen from another which is in a more advanced 
<legree of oxidation, as is particularly shown by 
the solution of tin with that of copper and that of , 
mercury (389) • a metal also shares the oxigen 
mnd the acid with a metallic solution ; but it 
' nometimes happens that it is precipitated by 
another in the metallic state, so that then there is 

. BO distribution either of acid or oxigen ; but both 
abandon one metal entirely to combine with the 
other. 

395. Since chemistry has introduced its expla- 
nations of the positive action of substances, these 
latter precipitations have been attri buted to the 
difference of the affinity of the metals for oxigen ; 
but if this cause, which is undoubtedly of great 

consequence 



consequence in Uie phenomenon, was t&emil3;itine 
HFbieh; acted^ a metal could only take a. -mone or 
less considerable part of the oxigen mtii^ ttifhicit 
anotiier' was combined, and this having arrived 
ai A certain degree of oxidation would s^arate in 
tbiS' state ; besides « the effect should correspond 
f xa^tly with the difference of the affinities^ which 
]s not the case : for example, copper, by simple 
contact precipitates the solutions of mercury; but 
iron only does so slowly, and it precipitiites near* 
ly all tlie solution of oxigenated muriate of njen- 
cury in sweet mercury ; nevertheless, iron has a 
much greater affinity for oxigen than cof^r; 
another, and even a determining causi^ must 
therefore contribute to the effect ^' 

' Vauquelin has observed* that the affinity of the 
acid for each of the oxides must be taken intoth/^ 
explanation of these precipitations; but thi&causie, 
as well as the preceding, could only occasion zn 
unequal division. 

I have observed in my Researches into the 
Laws of Affinity, that the recipmcal affinity 
by which two metals tend to combine, or even 
the reciprocal affinity of the moleculie of the same 
metal, being of the number of the forces whitSi 
exist in the phenomenon, it must no more be lost 
sight of in the explanation to be given of it, tifvan 
in the other circumstances in which I haveshowji 
that it is often the determining cause of the separa- 
tions which-are produced* ' 

• Ann. de Cbiin. Tom, XXVin, * 
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^ In fact^ ff this force acts between twometal8> the 
combination which it should form will be foand, 
and if this combination is found, the effect of the 
force which produced it should be acknowledged; 

Now when the mercury is precipitated by a plate 
of copper, the mercury is not deposited at a distance 
from the copper; it is found to be immediatelj 
eombiiied with it. * 

~ If Ikife wasput into asolution, and was found 
to be changed into a sulphate, would it not be said 
ihat its affinity determined the combination which 
was formed ? 

When silver is precipitated by copper, it is not 

jMire silver which is found in the precipitate, even 

when it docs not adhere to the copper ; but the 

frrecipitated silver contains a certain proportion of 

^copper, which must have been precipitated from 

the solution by s^ reciprocal reduction : it is the 

wme with gold ; the precipitate produced by cop^ 

per in its solution is of a deep reddish colour, which 

can only be attributed to the copper retained with 

it: the acetate of copper also produces a precipitate 

in it of a high colour, and which contains a littJe 

<^opper, according to the testimony of Wasserberg. 

Jf copper is rubbed Mdth muriate of silver, it be* 

coupes plated, or the silver incorporates with it by 

the action of the mutual affinity ; the processes of 

gilding an4 plating consist in thus separating the 

gdi^;or silver contained in an anuilgam or in a so* 

Jution, by the affinity of a metal which retains it 

In combination at its surface* Vauquelin having 

precipitated 
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precipitated nitrate of zinc by lead, iPound that 
50 parts of the first metal formed a precipitate of 
134 parts, which was composed of the twohietfels* 

It, therefore, seems to me that in these pire^rpi-' 
tations it is the affinity of one metal for another 
which determines its disoxidation ; that whili! mit 
part of the metal combines with that which preci- 
pitates, anothier acts by its affinity on the okigi^n, 
and on the acid, and that this latter effect would 
be generally limited to a more or less unequal di*^ 
▼ision, either of the oxigen or of thtf acid, without 
the concurrence of the reciprocal action of the two 
metals. 

in this example M'hich I have borrowed from 
Vauquelin, the lead was able to precipittttft the 
zinc, which has nevertheless a much stronger affi- 
nity for oxigen : all that can be said on the dif^ 
ference of affinity of the oxides for the acid is 
vague, until their capacity for saturation has been* 
eonipared, and this capacity is also varied by the 
degrees of oxidation. 

What I have said on the affinity of two metiaTs is 
applicable tb the reciprocal affinity of the moleculae 
of the same metal ; thus when the copper is applied 
to the surface of the iron, the continuation of its 
precipitation is determined by the action of the 
stratum of copper which is fonned, as a salt in solu- 
tion is induced to deposit oh a crystal ; but thelatter 
effiect is very limited, because the actibh of the water 

•Ann. dcChim. Tom. XXVIIL • ■ ' 
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acquires power as the salt 18 deposited, unless eva«* 
fitoration carries off the water which has become su- 
perabundant ; but in the precipitation of a metal^ 
while it separates, it dissolves tlie precipitating 
metal ; so that the circumstances favourable to the 
precipitation do not change, 

396. In their action on the acidsj which we hav^ 
exanftined thus far, the oxides offer properties 
ahalogous.to those of the alkalis, except that their 
tendency to combination is varied by the degrees- 
of 'oxidation ; but they have also another dis- 
tinguishing character, which is, that they can com* 
bine with the alkalis, and form combinations with 
them which are sometimes more energetic than 
even those with the acids, so that they exercise the 
functions of both the alkalis and the acids*,. In 
this they correspond with alumine and silex (349- 
352J, and they are diffei-ent from the alkalis which 
show little reciprocal action ; we must examine 
the differences which they offer in this respect, and 
•endeavour to discover the causes of these diffe- 
rences, as far as the state of our knowledge, 
which is yet but little advanced on this subjeel^ 
will admit. 

Some oxides dissolve in one alkali and not in 
another: in general, ammonia dissolves the ox- 
ides more readily and more abundantly than the 
other alkalis ; thus it dissolves oxide of copper, 
and forms with it the crystals described by Sage, 

* M^m. deFAcad. 1788. 
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mad pot-ash does not dissolve this imtii^i ^hh^i 
been observed by Vauqueiin^ or ai ka^t U. o%^ 
takes a very siiiall quautity : ammonia i:eadi(ydi§jr 
aolves the oxides of ziuc^ cobalti onicket^vJi^cl 
ebrome. v ^,.f* 

There are, however, oxides which airej^ot^Ue 
ia the fixed alkalis^ and not in animoiuaiisueb: is 
the oxide of manganese ; but it is paturi^r te..^tt 
tribute this difference to the forc^ of cob^flioiij 
which must be diminished by the action of heat t^ 
enable the combination with an alkali to be ^#ctr 
c^> and the ammonia is volatilized by it$:iSioqe 
when this reason does not exists it offers the samp 
superiority over the other alkalis as in the., action 
which it exercises on the acids. The decompositipv 
of the ammonia and the disoxidation of the Hi^al^ 
which diminish its action on the alkali, SDay 
intervene in this effect, as will be seem '., - 

This property may be employed to form agireat 
number of combinations, hitherto unknowui wjth 
the different alkalis, and the oxides which dissolvf, 
with facility : thus the oxide of lead, which i^s^ 
luble in ammonia and in fixed alkali, can form a 
combination with lime, and probably- also .with 
«trontiau and barites; but these Utter combina^ 
tions will generally be insoluble because their two ^ 
dements have a great disposition to solidity. 

The difference of the action of the alkalis on 
tlie oxides should be observed with attention, .be- 
cause it is very useful to analysts in the separation 
of the different oxides ; thus, in the analysis of 

brass, 



brfass^^Vauqueltn:' em ployed the property df^p^jt^ 

iiEsfb, which dissolves the dxide of ztttc^ but 110I 

" that 4>f copper, with success. ' ■ r •:d/:; 

• 397. Some oxides, and particularly thatbfgoldf 
have such an action on ammonia, that when the 
fllolntion of the latter is precipitated by ammoma it 
takes a fixed proportion : this coitibinatioty^whic^ 
]^ formed even resists the action of ^tilphurio^ftckly 
diluted witli a certain quantity of water,' &Adt of 
'nitric actd : if muriatic acid is capable of dissolve 
ing it, ft is only necessary to form a new precipi** 
tatewith a .fixed alkali, and it will still be the 
combination of the oxide with ammonia : besides^ 
the oxide of gold can abstract a portion of ammo^ 
nia from^ tlie neutral ammoniacal salts, and be* 
cotnef detonating*. • ; . 

• When ammonia is combined with anoxide^ it 
may be decomposed by the combination of its hi- 
drogen with (he oxigen of the oxide; hence the 
detonations when the oxigen has retained a. great 
'proportion of caloric : in the liquid state, the oi*- 
prate of. ammonia is decomposed by the heat alone 
which is communicated to the liquid. It is not 
only when the ammonia has been able to form a 
combination with an oxide, that it can experience 
a decomposition by the action of this oxidei but it 
is sometimes destroyed without entering itftd com- 
bination with it, so that, by this mutual action, 

' the dxide is brought to a state ^of oxidation veiy 

remote 
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remote from the former, whether a metallic soiii- 
tion 13 precipitated by the ammonia, or' tliis alkali 
is made to act on a greatly oxided metal, as was 
shown by Fourcroy^ in some very interesting ex. 
periments on the solutions of iron>manganesej and 
some other metals, as well as on the metals when 
greatly oxided*. This is a reason why ammo* 
nia must be unable to dissolve some oxides not<i> 
wrthstanding the alkaline power which it possesses 
I have already observed that the oxides have 
the property *of combining with the alkalis in a 
degree proportionate to their greater state of oxida- 
tion ; if, therefore, the action of the ammonia be- 
gins by de-oxidating the metal, it proportionally 
diminishes the disposition to combine with it, and 
renders it incapable of overcoming the force of 
cohesion. 

But the^ alkaline power of ammonia, compared 
with that of the other alkalis, is shown in its greater 
disposition to form triple salts, and it is particu- 
larly with the muriatic acid that it forms tbe%e 
salts ; because, after the fluoric acid which has 
been so little examined, it is this which exercises 
the strongest action of acidity. 
* After ammonia, magnesia must be the most 
disposed to form triple salts, since it is next in 
alkaline power(87). 

If ammonia is poured into a solution of silver 
which is in a neutral state, there is a litfk pieciiH- 
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tition ; but there is not any if the acid is in a small 
excess, because the oxide of silver forms a triple salt 
with the ammonia and nitric acid, wliich maybe 
made to crystallize, and which has been noticed by 
Margraf and by Bergman ; nevertheless, this triple 
salt abandons part of the oxide of silver, if there 
is not an excess of acid to saturate the two bases, 
as Higgins showed long ago was doue by th 
ammonia witli the combinations of magnesi* 
(345). 

Among the oxides, none shows a greater 
disposition to form triple salts than the oxide of 
platina, so that notwithstanding the great excess 
of acid in its solution, it takes, according to the 
observation of Bergman, a part of tlie pot-ash and 
of the ammonia from the neutral salts with these 
bases, and forms a slightly soluble triple salti 
which precipitates if there is not much liquid J 
nevertlieless a part of the oxide remains in the 
solution whatever quantity of alkali may be 
added to it, and soda, which lias not the property 
of forminga slightly soluble salt with it, does not 
produce a precipitate, except when it is in a great 
proportion. 

398. This disposition to produce triplesalts is 
a new relation with alumine, and also with silex, 
which does not wholly separate from neutral 
salts until its force of cohesion is augmented by 
desiccation : in these different substances it de- 
pends on the disposition which it has to unite 
either with the acids or with the alkalis. 

■VOL. II. BB The 
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The oxides exercise a mutual action which is 
sometimessufficient to produceacombination which 
separates from the acids : gold and tin offer an 
example of this property which has hitherto 
been little observed. Erxleben has shown that the 
pitrple precipitate of Cassius is a comI>ination of 
the two oxides which has abandoned thein acid , 
his observations prove that the oxidation must 
only be in a moderate degree for this effect to lake 
place, and that if the solutions are boiled, the 
oxidation being too far advanced, opposes it*: in 
other circumstances this mutual action of tha 
oxides promotes their solution in the acids : thus 
Tillet was enabled to dissolve platiua in nitric 
acid, by previously alloying it with gold and 
silver, which by their action procured thesolutioa 
oftlie first metalf. 

399- The great number of combinations which 
the oxides can form, and the varieties resulting 
from thedegree of oxidation, call for the assistance 
of the methodical noraenclaturc, that language 
may represent them concisely and without ob- 
scurity. 

We have seen that the oxides have the property 
of forming combinations with the alkalis, it was 
formerly proposed to consider the oxides as acids, 
because they fulfilled their functions; Cheuevix 
has rejected these convenient denominations iu 



* Waascrberg, Instit. 
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the excellent observations wliich he haa made on 
the nomenclature, because the coinmOTi termination 
might occasion an oxide to be confounded with 
an acid : the nomenclature can only be intelligible 
to those who have an exact idea of these subjects ; 
when the terms plumbate of pot-ash or lime, 
argentate of ammonia, are employed, it must be 
recollected that on these occasions the oxides 
have a property analogous to that of the acids; 
but that, beyond tliis circumstance, they must not 
be blended with the acids; nevertheless, by means 
of these denominations, the substances brought 
into action, the combinations which they form, 
and those which succeed them, are known with- 
out embarrassment : this observation is applicable 
to many cases in which the direct signification of 
the terminations employed iu the nomenclature 
may be diverted to indicate the elements which 
are combined or are present with precision and 
without confusion : but this licence should be used 
with circLinispeotion. 

The ambiguity resulting from the denomination 
of oxigenated, which is given to the oxigenated 
muriateof mercury and to analogous combination, 
and which seems to indicate that these combinations 
;ire owing to the oxigenated muilaiic acid, white 
it is the oxide which really retains the oxigen, 
may be avoided by employing the term super- 
oxidated, as was proposed by BouUai. 
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CHAP. IV. 

Of the Combination of Metallic Substances with 
Sulphur, Phosphorus, and Charcoal. 

400. Sulphur and phosphorus, which possess 
several properties analogous to those of the me- 
tals, and whose affinity for oxgien also constitutes 
the predominant character, combine with them, 
and form compounds which may be compared to 
alloys. 

The metallic sulphurets are brittle and friable 
and, nearly all, more fusible than the jnetal which 
enters into their composition, especially when thd 
metals have but little fusibility alone; so that this 
result of the properties of the elements is found 
in this species of combination as well as in the 
others. 

There are only zinc and gold which refuse this 
combination ; but we shall see that this difference 
depends only on some conditions. 

The metals can combine with sulphur in very 
various proportions, and the combinations which 
are thus formed have different properties accord- 
ing to their proportions : I am, in this case, again 
in opposition to the opinion of Proust, who as- 

sertSy 
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serts *, that by the invariable law of proportions, 
sulphur and iron are fixed at -j^; but he ac- 
knowledges that pyrites may contain a variable 
surplus, as far as 20 parts and upwards : is not 
this sulphur which gives peculiar properties to the 
pyrites; which takes a crystalline form with the 
rest ; which defends the pyrites from. spontaneous 
decomposition ; which resists the action of other 
substances which readily dissolve it; is it not 
retained by a force of combination? If heat can 
easily drive off the sulphur, considered as foreign 
to the combination, this is only a common pro- 
perty of all substances, which resist the expansive 
action of heat so much the less as they are in 
greater proportion in a fixed combination ; for 
chemical action is diminished by the progress of 
the saturation. 

Proust affirms the same thing of sulphate of 
copper, or cupreous pyrites ; he considers that 
part of the sulphur which can be readily driven 
off by heat as foreign ; only invariable propor- 
tions remain; but this chemist admits that the 
black copper is a sulphurct dissolved by copper: 
this solution, in reality, offers successive propor- 
tions of sulphur and copper. 

He also pretends \, that an invariable dose of 
sulphur, fixed by nature, attaches to antimony, 
and that the power of augmenting or diminishing 
it, is not given to men. He fixes this proportion 

• Jo.jrii. Je Pliys. Tutn. LIU. 
t Jouni. dc Phyi. Tom. LV. 
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at 35 parts to 100 of antimony ; he, however, 
found sulphuiets of cominerce which had an ex- 
cess of sulphur, and which could still dissolve 
7 or 8 parts of antimony in 100. On the other 
]]and, he combined oxide of antimony with dif- 
fei-ent proportions of snlphuret of antimony, andj 
without any disengagement of sulphureous gas, 
lie obtained mixtures -which may be represented 
by this formula : oxide +1+2+3-1-4, ^c. ofsul- 
phuret of antimovy. Did he not thus form true 
combinations, of wliicli some were beautifully 
transparent? 1 do not see liow this guards the 
oxides of this metal from the suspicion of being 
capable of uniting with sulphur in all doses, and 
•without regard to the invariable laus of propor- 
tions : he must surely admit that these laws arc 
not invariable, and that his apophthegm is limited 
on the proportions of sulphuret of antimony with 
the oxide. 

401. Sulphur forms another species of combi- 
nation with the oxides; that which distinguishes 
these sulphurcts is, that when they are subjected 
to a greater fire than that by which they can be 
formed, sulphureous acid is disengaged ; the same 
thing takes place as was shown by Proust, when 
a mixture of sulphur and an oxide is submitted 
to distillation : a similar product is generally ob- 
tained, when a metaliie sulphuret is urged by fire 
with an oxide, and the residue is a metallic sul- 
phuret. 

On submitting pyrites to the action of fire, 
Proust 
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Proust obtained, at the beginning, sulphureous 
acid and sulphurated hidrogen : he attributes 
these two substances to the decomposition of 
water, and he concludes that pyrites is a metallic 
sulphuret; but the formation of sulphureous 
acid cannot be owing to the decomposition of 
water ; and these two productions, which he 
considers as simutaneous, and which are mutu- 
ally destroyed, cannot be the effect of the same 
cause: it is probable that the sulphureous acid, 
which is readily produced by the oxides, is first 
obtained, and that the sulphurated hidrogen, 
which alone can be owing to the decomposition 
of tlie water, is disengaged afterwards, and that a 
mutual decomposition takes place when these two 
substances meet. I therefore draw from Proust's 
own experiment a conclusion opposite to his : it 
appears to me to prove, that the iron of the pyrites 
which he assayed was a little oxided. 

Oxide of zinc, treated by fire with Sulphur, 
also produces sulphureous acid, and the metal 
forms a sulphuret with excess of sulphur : this 
shows, that if the zinc cannot unite immediately 
with the sulphur with which it is exposed to 
heat, the obstacle to the combination does not 
depend on the absence of a mutual affinity, but 
on another circumstance, and this is, the volati- 
lity of both substances, which reduces them to the 
elastic state before the force of cohesion is sufficient- 
ly weakened for their union to be established. 

402. The 
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40S. Tbe alkaline sulpliurets also dissolve the 
metals, aud even gold, which proves, that if gold 
cannot combine immediately with sulphur, it is 
only on account of a circumstance analogous to 
that which opposes the combination of the 2inc: 
the force of cohesion of the metal does not per- 
mit its aihuity, which is doubtless not energetic, 
to produce the combination and retain the sul- 
l)hur; but, when it is deprived of its force of co- 
hesion, if it can be retained by an affinity which 
prevents it from volatilizing, the solution can be 
elfected : the alkaline sulphiirets can also dissolve 
the oxides; but these oxides are also reduced to 
the metallic state by the action of heat. 

When the metallic solutions are decomposed by 
the hidrogenaled sulphurets of an alkali, the metal 
combines with the sulphur, and the sulphurated 
hidrogeu is destroyed, at least in part; because 
the hidrogen combines with the oxigen of the 
metal; this decomposition is analogous to that 
which ammonia experiences with the oxides; but 
the destructive cause is more powerful in this 
case, so that the precipitates which are thus ob- 
tained, or at least the greater part of them, are 
metalhc sulphurets, and not sulphurets of the 
oxides, as has been ascertained by Gay Lussac. 

I was of opinion, that when a metallic solution 
■was precipitated by sulphurated hidrogen, or by 
an hidro-sulphuret, the precipitate was a com- 
bination of sulphurated hidrogen and oxide, 

and 
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and that the properties and the differences of se- 
veral combinations, such as Kermes mineral and 
golden sulphur of a?iiimo7iy, might be thus ex- 
plained; but Gay Lussac has found that the me- 
tallic hidro-sulphuiets do not exist in many cases 
in which they are supposed to be, because the 
sulphurated hidrogen is destroyed in effecting the 
precipitation, and is reproduced when it is only 
supposed to be disengaged : lie will elucidate this 
subject in a particular memoir. 

I have shown* that mercury, which is reduced 
to cinnabar when it is mixed with the hiilroge- 
]iatcd sulphuret of pot-ash and ammonia, accord- 
ing to the observation which is principally owing 
to Baume, is in the state of a metallic sulphuret 
in it, and tliat the sulphurated hidrogen remains 
in combination with the alkali, so that it does 
not reduce the hidrogenated sulphurets to pot-ash 
and ammonia, as is said by Proust; but I had 
presumed that the black combination, which 
forms at first, and which is known by the name 
oi' etkiops, retained sulphurated hidrogen, which the 
alkalicarried off gradually : Seguin hassinee shown 
that the ethiops, or black sulphuret, does not con- 
tain sulphurated hidrogen, and that it only differs 
from the red sulphuret in the proportion of the 
sulphur, so that the mercury passes, in this opera- 
tion, to the state of red sulphuret, by taking a 
suitable proportion of sulphur. 

t Ami. doChiin.Tom. XXV. 
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If the red siilphuret is obtained by means of 
an oxide of mercury, the sulpliurated hidrogen of 
the hidrogenated sulphurets will be destroyed un- 
til the oxide acquires the metallic state. 

403. The metallic phosphurets, for the know- 
ledge of which we are indebted to Maigraf, and 
especially to Pellctier, appear to be softer, and iti 
general a little less brittle, than the sulphurets: 
they are more fusible than the insulated metalSj 
and arc, at the same time, more combustible when 
they are exposed to an elevated temperature. 

Platina itself is rendered nmre fusible by phos- 
phorus; and Pelletier has taken advantage of this 
property to purify it from the iron which it natu- 
rally contains, and which alters its qualities ; never- 
theless, when the greatest part of the phosphorus 
has been driven off by a strong heat, the infusibi- 
lity which it regains opposes the disengagement 
of the remainder of the phosphorus, which has 
been hitherto an obstacle to the utility of this 
process: Proust has found phosphorus in the ore 
of platina. 

it is known, that almost all the irons contain 
phosphorus; if it is in any considerable propor- 
tion, it renders the metal brittle in the cold, and 
impairs the iron obtained from several ores: it 
appears, that when these ores are passed through 
the furnace, a mixture of lime favours the disen- 
gagement of the phosphorus, by forming phos- 
phate of lime, which remains in the slag : iron re- 
tains the phosphorus when it is converted into 

steelf^ 
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Steel, which thence participates in the bad qualities 
of the iron. 

Phosphorus having a much greater action on 
the oxigen of metals, will not combine with the 
oxides like sulphur, but it reduces them to form 
hosphurets. 

404. Carbon seems to have similar relations 
with the metals as those of sulphur and phospho- 
rus; but its infusibility most frequently opposes 
its combination; it, however, exercises an action 
on iron sufficiently strong to form a well-deter- 
mined combination with it, whose properties are 
very remarkable : this is steel. When, therefore, 
iron is melted, taking care that it is surrounded 
and covered with charcoal, it dissolves a certain 
proportion of it, and is thus changed into steel: 
when bars of iron are cemented, surrounded with 
charcoal powder, and are kept long enough ex- 
posed to a high temperature, they are also im- 
pregnated with the charcoal, and changed into 
steel ; so that the art of making steel is reduced 
to keeping iron in contact with charcoal, at a 
temperature sufficiently raised, and kept up a long 
time. 

The more the temperature is raised, the greater is 
the quantity of carbon held in solution by the 
iron ; in proportion as tlie temperature lowers, the 
carbon tends to separate, in tlie same manner as 
the most fusible metals separate from those which 
are least so when the temperature is not sufficient 
to maintain both in liquefaction (36?) ; but it 
retains 
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retains some of the metal, .SO that two combina- 
tions separate from the difference of solubility, 
one with an excess of iron, the other with an ex- 
cess of carbon. Clouet has proved, by au ele- 
gant experiment, that iron could decompose the 
acid of carbonate of lime, and by tlmt means be 
converted into steel, while the oxigen of the acid 
unites to a portion of the metal, and vitrifies with 
the lime, whose affinity contributes to the effect : 
Giiyton, on his part, has also proved that the dia- 
mond changes iron into steel. 

By its combination with carbon, of which it 
always contains more or less, iron acquires pro- 
perties analogous to those of an alloy of a very 
ductile metal with another which is much less so; 
it becomes hard, elastic, and brittle; if the iron 
made use of is affected with flaws, cracks, and 
other blemishes, these defects become much more 
perceptible, and much more injurious, in steel, 
whose parts solder with difficulty ; hence the ne- 
cessity of employing \eTy pure and well-prepared 
iron to obtain good steel of cementation. 

The qualities of steel depend also on the pro- 
portion of carbon : if it dissolves too great a 
quantity of it, it becomes so brittle tint it cannot 
be used ; this may be corrected by melting it with 
oxide of iron. 

Cast iron also contains carbon, and its proper- 
tics are varied by the proportions; it has also a 
little oxigen; whence it arises, that it gives less 
hidrogen gas when it is dissolved by sulphuric 

acid ; 
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acid * ; but some properties which have been ob- 
served in this gas, lead to ii conjecture that it 
also contains a httle hitlrogen, in which the car- 
bon of the cast iron, at least of that whicli is 
black, is still in Hie state of charcoal (271) ; this 
is another difference from steel : an observation 
of Proust authorizes this conjecture -f : he says, 
that in all solutions of cast iron by the sulphuric 
or muriatic acids, an oily gas is disengaged, 
heavy and very odorant, which Priestley had for- 
merly noticed, and called extremely fetid injiam- 
viable air : he even obtained some drops of oil; 
I had not, however, the same result from two 
specimens of black cast iron wliicb I examined 
with this view, but there may be differences be- 
tween them. Another observation leads me to 
admit of this distinction between the carbon of 
cast iron and that of steel : Beddoes observed, 
that when cast iron was converted into wrought 
iron in reverberalory furnaces, a considerable 
swelling was at first produced, and the metal was 
covered with a blue flame, which announced oxi- 
carburated hidrogen : he also obtained an inflam- 
mable gas, which has all the characters of the oxi- 
carburated, by exposing cast iron to a great fire 
in closed vessels X. 

In the analysis of cast iron, of wrought iron, 
and of steel, there is also found a small quantity 

" Bergman, dc anal. ferri.—lAif*, de 1' Acad. 17S(). 
t Joura. de Phys. Tom, XLIN. 
I PMlos. Trans. 1791-1793. 
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of silex, whose iofluence on their qualities is not 
known. 

It has been attempted to ascertain the propor- 
tions of carbon by those of the carburet of iron, 
obtained by means of the solution in sulphuric 
acid; but a portion of this carburet is destroyed, 
and the carbon passes in combination in the hi- 
drogen gis ; this effect takes place principally 
when the solution is made with vivacity and by 
means of heat: for the black precipitate, which 
is formed at the commencement, frequently dis- 
appears : to avoid this inconvenience, Vauquelin 
employed sulphureous acid ; but the property 
which iron has of decomposing a part of the sul- 
phureous acid, by taking the sulphur from it^ 
renders this analysis difficult and even uncertain: 
I am of opinion, that at least comparable re- 
sults may be obtained by making the solution 
with sulphuric acid, suBiciently diluted with 
water, that its action may be slow aud very mo- 
derate, and by adding the acid in portions, until 
the solution is completed. 

405. Platiua lets fall a black powder by dis- 
eolvinf^, and when this solution is precipitated 
by another metal, by zinc, for example, as was 
done by Bergman *, a considerable quantity of 
this powder also precipitates: a solution of 100 
|)aits of platina, precipitated by zinc, gave 77 of 

" Dt ca). nisk. pint, et mag. 
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it. Tiltet also obtained a considerable quantity 
of thi3 black matter, by pretipitating the solu- 
tion of copper and silver in nitric acid, with cop- 
per*. Bergman observed, that "reat part of this 
substance exhaled in smoke, when he tried it 
with the blow-pipe, and that it was not affected 
by the magnet, even when it had been calcined : 
Tillet obtained only a very small quantity from 
platina, and the rest entirely disappeared in his 
assays by the cupel. Tliese facts seem to an- 
nounce that this substance is a carburet of pla- 
tina, and that the carbon is not only found in 
great proportion in the platina before its solution, 
butthat it can enter into the solution in a con- 
siderable quantity, and without giving any indi- 
cation of its existence until it is precipitated bj 
a metal, unless the deep colour of the solutions of 
platina are attributed to it, 

Proust has lately published some very interest- 
ing observations on this substance; but he has 
only noticed what separates when its solution is 
effected : his experiments prove that this substance 
contains the phosphuret and sulphuret of platina ; 
after having treated it with nitro-muriatic acid, 
nothing remained but a black powder, which he 
compared to plumbago; but this contains iron, 
and it appears that the other substance only 
contains a very small quantity of phirina. Is 

• Mem, de I'Acad. 1779. 
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llie precipitate obtained by the processes of 
Bergman ajnd of Tillet, of the same nature as 
that which has been examined by Proust,? It 
1$ greatly to be desired that this subject should 
occupy a little more of this intelligent che* 
mist's time. 
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On Vegetable and Animal Substances. 

J. HE products of vegetation are composed of 
tbe same substances as those of which we have 
noticed the chemical action, but particularly of 
those whose elasticity is compressed by the com- 
binations which they form : this composition ren- 
ders them liable to undergo alterations with faci- 
lity (187), not only from the action of other sub- 
stances, but also from the reciprocal action of 
their own elements, and from variations of tem- 
perature. 

Nevertheless, their formation and the sponta- 
neous changes which tliey experience, do not 
suppose either other affinities, or other principles 
of actiem, than those which produce chemical ef- 
fects : we may be the more convinced of this, be- 
cause we can form substances of a vegetable nature, 
such as the oxalic acid, the acidulous oxalate of 
pot-ash, the malic and acetic acids, in every re- 
spect similar to natural productions ; this arises 
from cmployiag no means in our laboratories 
which are different from those of nature : the cir- 
VOL. II. cc cumstauces 
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cumstances which favour the exercise of the 
properties possessed by each substance are only 
united : nature enjoys its power from these immu- 
table properties alone j the particular views which 
arc attributed to her, the methods which are de- 
vised for her, only mislead observation from the 
true causes, to which ideal ones arc substituted, 
whose magic is so much the greater as it is en- 
veloped in a darker cloud. 

If a chemist is unable to unite the circum-^ 
stances necessary to some productions, if even he 
is unacqu^tinted with them, there are also a great 
number of combinations which can only be form- 
ed by his care; thus alcohol, ether, rectified 
animal oil, lime, barites, cannot be met with in 
natural productions. 

Even though the causes of these productions 
might beunknown, chemistry still retains the know- 
ledge of the succession of changes which are eflFect- 
ed m them, the origin of the substances which serve 
for their reciprocal formation,- the influence of 
the circumstances which can favour or prevent 
it : it seeks the analogy between each of these 
objects, and such others as can be submitted to 
an exact analysis : it forms conjectures on the 
means which may produce any result, and com- 
pares them with those which experience has shown 
the use of, in other circumstances : thus it prepares 
the ulterior steps of observation, which rectify 
the first attempts, give other indications, and suc- 
cessively extend the limits of the art. 

In 
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In this manner chemistry has lately been ap- 
plied to the phenomena of vegetation ; it has al- 
ready acquired important determinations, which, 
by uniting with the study of the organization, 
which has been cultivated with equal success, 
form that elegant part of natural philosophy called 
vegetable physiology. 

I shall offer a summary, or rather an outline of 
the knowledge which chemistry has given on this 
still new subject ; it would not be easy for me to 
produce well established opinions, and I shall not 
engage in the discussions which they would re- 
quire ; my only object is to compare the products 
of vegetation, and the forces which are brought 
into action in it, with other substances, and other 
causes of chemical phenomena. I must also con- 
fess that I have not attended much to these in- 
quiries : the few ideas I offer must therefore be 
considered as opinions necessarily conjectural in 
themselves, and but little investigated by tlieir 
author. 

After a sketch of the phenomena of vegetation, 
beginning with germination, which opens the scene, 
I shall proceed to the differences of composition 
which distinguish vegetable substances, the change* 
which they experience from their reciprocal action, 
from that of other substances, and from variatiuns 
of temperature. 

Scnebier and Hubert observed that seeds could 
not germinate ia azote or hidrogen gas*; but that 

• Mem, !ur la Germin. Pliys. Vcget. Tom. III. 

cc S they 
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they spfouted in oxigen gas (and then carbonic 
acid was produced), or in a mixture of oxigen 
gas with either azote gas or hidrogen gas ; in the 
last mixture the hidrogen gas takes the carbon, 
and is changed into oxi-carburated hidrogen ; so 
that then it is not carbonic acid which forms, but 
a ternary combination of hidrogen, carbon, and 
oxigen (287)* 

Gough* and Rollof also found that germi- 
nation could not take place without the contact 
of oxigen gas, and the experiments of Wobrf- 
house;]: confirm this result. The two first ob- 
served that, by means of this production of car- 
bonic acid, cereal substances became saccharine, 
as is seen in malt. Gough particularly remarked 
that when this effect of germination did not tak^ 
place from a deficiency of oxigen, an inflammable 
gas and carbonic acid were disengaged iVom tbo 
humected grain, which entered into putrefaction, 
and which, consequently, lost the property of ger- 
minating ; that this effect was the more rapid as 
the temperature was more raised, and that the 
seeds differed in their disposition to putrefy, so 
that some lost the property of germinating much 
more readily than others; but they both thought 
that the oxigen gas was partly employed in form- 
ing carbonic acid, and that it partly entered into 
the composition of the saccharine substance. 

• Bibl. Brit. Tom. XI. 

t Ann. de Chim. Tom. XXV. 

t Ibid. Tom. XUII. 

T.de 
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T. de Saussurc has proved that the carbonic 
acid which is produced in germination, is owing 
to the combination of the oxigen gas, by whose 
contact it is effected, since the volume is not sen- 
sibly altered, and since the oxigen which is after- 
wards deficient in the residual air, is equivalent 
to the portion which must have entered into the 
composition of the carbonic acid *. 

From Afliat precedes, it results that in germi- 
nation or in the commencement of vegetation, 
carbonic acid is produced, of which the carbon 
arises from the seed and the oxigen from the at- 
mosphere, which must be in contact with it : by 
tliis a saccharine substance is formed in tiie seed 
which serves for the progress of vegetation but 
does not add to the oxigen which enters into 
combination. 

Some seeds, peas, for example, can experience 
a commencement of germination under water, and 
without the contact of air; then carbonic acid is 
disengaged which proceeds wholly from their sub- 
stance ; but the germination soon ceases, and 
putrefaction takes place. 

Senebier compares tliis first act of germination 
to fermentation. I do not agree with this learned 
philosopher, if he makes the comparison with the 
vinous fermentation : for this, the saccharine sub- 
stance must be formed, and this is so true, that 
tlie cereal seeds do not become fermentescible un- 

Journ. de Phys. An VI. et VII. 
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til they have become saccharine by gertnination, 
whose different effects must precede those pro* 
duced by it : it is by the action of oxigen gas 
that the seed is freed from its carbon in germi- 
nation ; it is by the action of the ferment on the 
saccharine substance that carbonic acid is pro* 
duced in vinous fermentation, as we shall see. 

When the seed has sprouted and the plant ve* 
getates, the phenomena are different ; light be- 
comes necessary to the plant, and without it, it 
etiolates, the green substance is not formed, or at 
least Is so only in a very small number of circum- 
stances. 

In the observations on the effects produced in 
vegetation by light and darkness, different results 
will be found ; they, however, seem to agree in the 
effect of the privation of light : the air in which the 
vegetation is then effected, is vitiated, so that the 
proportion of oxigen is diminished in it, as was 
shown by Ingenhouz ; and T. Saussure has proved 
that this effect depends on a part of its oxigen 
being employed to produce carbonic acid, which, 
in this case, is not decomposed. 

It is generally admitted, since Priestley intro- 
duced this species of observation, that the air in 
which vegetation is effected with the influence of 
light, receives a greater proportion of oiigen ; 
but most of the observations liave been made by 
k :eping plants under water, and then the effect 
which the light produces on the water may be 
blended with that which arises from the plant 

Rumford 
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Humford has shown* that raw silk, cottoti, and 
other substances, by being exposed to light, in 
water, occasioned the disengagement of a certain 
quantity of oxigen gas, though slowly, and parti- 
cularly when the green matterand microscopic ani- 
mals were produced in it ; now this last circum- 
stance is sufficient for the disengagement of oxi- 
gen gas. Woodhouse replies, that plants give it too 
quickly to attribute it to this cause; it is, how- 
ever, probable that it contributed to the products 
which were obtained without this cause of error 
being suspected, 

Senebier found that plants exposed to the sun, 
in water which had undergone ebullition, did not 
yield oxigen gas. This observation shows that 
the oxigen gas disengaged from vegetables im- 
mersed in water, must not be attributed to the 
plant alone ; but it should not be inferred that 
none is disengaged from them, for water deprived of 
oxigen gas would retain that which might arise 
from them. Spallanzani also observed that the ef- 
fects of vegetation on the air varied, when they 
were examined by immersing the plants in water, 
or by keeping them in the air ; he only obtained 
a dilatation of the air with some plants, and then 
he generally gained more oxigen f. One cause of 
this difference has been discovered, and it has 
been ascertained that the proportion of oxigen gas 

• Philos. Trans. 1787. 
t ^uurn. de Phys. An VJI. 

is 
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is constantly increased in the ahr in which vege* 
tation is performed, with exposure to light» when 
the air or the water in which the plant is, contains 
carbonic acid ; but with other conditions the re- 
sults are different. 

We are indebted to Senebier for the important 
discovery of the decomposition of carbonic acid 
by vegetation, and of the disengagement of oxi- 
ifen gas arising from it. By this, the origin of 
the carbon which is fixed in plants when they 
grow in water, and are insulated from every sub- 
stance which could afford it to them immedi- 
ately, is learnt T. Saussure has determined the 
circumstances of this decomposition by very ac* 
curate experiments made on peas. He has shown 
that the carbonic acid is decomposed, and that 
the proportion of oxigen gas in the air is aug« 
mented ; but that, without the carbonic acid, 
the state of the air i^ which the vegetation is per- 
formed, does not experience any change in the 
light, and that, in the dark, it loses oxigen in the 
ratio of the carbonic acid which forms, but which 
does not experience decomposition, so that, then, 
the proportion of the oxigen is continually di- 
minishing. 

If all plant3 exercised a uniform action, it might 
be concluded from the latter observations that the 
air acquires a greater proportion of oxigen by the 
action of light, only by means of the decompo* 
sition of the carbonic acid in the air or in the wa- 
ter with which the leaves are immediately in 

contact ; 



APPENDIX. $9$ 

contact ; but this conclusion does not invalidate 
the decomposition of the water which rests on 
other proofs. 

All vegetables contain more or less of oily and 
resinous substances ; the colouring part itself, 
which is produced in vegetables ex|>osed to light 
in pure water, has a resinous character:, now in 
the composition of every oily and resinous sub- 
stance there is a proportion of hidiogen, much 
greater than in water, since water is partly the 
result of the combustion of this substance, that is 
to say, of its new combination with oxigen : a 
decomposition of water must therefore always take 
place to give rise to substances of a resinous cha- 
racter when the vegetation is performed without ' 
the concurrence of foreign bodies. 
. Saussure observed that peas vegetated in atmos- 
pheric air, contained within an insulated space, 
whether the air was taken in its natural state, 
or had been previously washed with linie-uater, 
without its volume being diminished or its purity 
changed; nevertheless, when he left line in the 
apparatus, it took the carbonic acid, and vege- 
tation ceased. Hence he concluded that a little 
carbonic acid is really then formed, although it 
is not perceptible by examining the air, but that 
it is again taken and decomposed by the vegetable, 
and that without this successive decomposition, 
vegetation could not subsist. 

But so far from it being possible to infer that 
the water is not decomposed at the same time, it 

seems 
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seems to me that this observation itself proyes 
the contraiy; for the atmospheric air had not 

. changed its state, and nevertheless the mean term 
of the increase which each small plant had ac- 
quired in the space of ten days, was eight grains^ 
which cannot be attributed to the carbon or to 
the decomposition of the carbonic acid, and the 
green parts were formed : there must, therefore, 
have been a decomposition of water ; its oxi- 

. gen must have entered into one combination, 
while its hidrogen was fixed in another. 

Still th^e is a production and decomposition of 
carbonic acid, but in such a way that what is 
formed only counterbalances what is decomposed : 
if these two effects cannot be produced, the ve- 
getable perishes. 

Hence it may be concluded, that in the preced- 
ing instance the increase acquired by the vege- 
table IS particularly owing to the decomposition 
of the water, but that this decomposition does not 
take place, unless there is at the same time a de- 
composition of carbonic acid in one part of the 
vegetable, while another part gives carbon to pro- 
duce the same acid. 

It therefore appears to me probable, according 
to the explanation given by Fourcroy in the En- 
cyclopedic methodique^ that the action of carbon 
on the hidrogen contributes to the decomposition 
of the M'ater and carbonic acid, and that it is ne- 
cessary to effect this double decomposition : it is 
thus that a sulphuret decomposes water which 

would 
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vould have resisted the separate action of the sul- 
phur and alkali. 

Is it to the small quantity of carbonic acid 
found in the sap, that what serves for the im- 
mediate support and growth of the vegetable sub- 
stance must be attributed ? The experiments of 
Saussure indicate that it is not; for the branch of 
a plant in the ground offered no difference with 
the peas which grew in the water. The sap un- 
dergoes multiplied elaborations before it forms the 
peculiar juice which is received by the leaves : this 
juice should be examined in this point of view. 

It appears to me, therefore, that the observa- 
tions which have been hitherto made, prove, that 
the carbonic acid and water are decompctsed by 
means of the action of liglit and the reciprocal 
action of the carbon and hidrogen ; that this de- 
composition is perfected in the leaves exposed to 
the sun ; that the oxigen is frequently disengaged, 
and that sometimes it remains in combination: 
but we are stili unacquainted with the state to 
which the carbonic acid and water have arrived 
in the leaf in which their decomposition is finished. 

The experiments which have been made, prove, 
indeed, that carbonic acid may serve for the 
growth of a vegetable, and that a certain portion 
favours this effect ; but they were all executed by 
keeping the plants or their roots in pure water, or 
in that which did not contain carbonic acid : the 
action of atmospheric air on manures has also been 
observed, and it was found that they formed car- 
bonic 
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bouic acid ; but these observaitiooB do not provf 
that the roots of vegetables receive only i:arbpi>iQ 
tcid when they grow in the open earth. 

Hassenfratz was of opinion tl)at thp suhstiances 
which favour vegetation contribute to it| becau^ 
they supply it widi charcoal rendered soluble, and 
Kirwan baa adopted his opinion : on the other 
hand, Senebier, who has shown that carbonic acid 
was capable of supporting vegetatiou^ and who 
found that dunghiil- water produced bad efi^ecta^ 
concluded that all the charcoal which accumulates 
in vegetables, arises from the carbonic acid which 
they receive from the atmosphere and the water, 
or which is produced by the manure. 

This* conclusion is perhaps too general, or too 
premature : it appears to me to require more nu* 
merous and more exact experiments to prove that 
every substance which favours vegetation as a 
manure, serves only to produce carbonic acid : it 
is also known that several colouring substances 
can penetrate beyond the roots without losing 
'their quality, and that consequently substances 
containing charcoal may enter into plants and 
supply them with nourishment, without having 
passed into the state of carbonic acid ; the obser-r 
vation of Saussure' which I have quoted, seems to 
prove that the carbonic acid which enters by the 
roots is not the same as is decomposed in the leaf. 

Whatever it may be, the vegetables which grow, 
and succeed on shelving soils where animals can- 
not carry the principles of reproduction, and which. 

also 
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also experience, from the running off of rain*, 
waters, a loss of the substances formed by the 
vegetation, can only receive carbon and hidro- 
gen from the decomposition of carbonic acid and 
water, whether they are produced immediately by 
the vegetation, or the substances which have first 
resulted from it have passed into other combi- 
nations, and have served as manure for the latter 
vegetation. 

Although azote may be considered as an ele- 
ment peculiar to animal substances, and which 
serves to give them their distinctive character, it 
is nevertheless indubitable that it enters into the 
composition of several parts of vegetables, evea 
when they only owe their growth to the decom- 
position of water and carbonic acid : thus Rouelle 
has shown, that when the expressed juice of 
herbaceous plants was exposed to the fire, the 
fecula, which coagulates by the action of heat, 
as well as by that of alcohol, contains a sub- 
stance which has the properties of animal mat- 
ters ; but it appears to be chiefly when plants ap- 
proach maturity that the azote is fixed in them, 
and that light is favourable to its production; for, 
according to an observation of Proust *, etiolated 
plants contain much less of it than those which 
have become green. 

It is not known how this azote penetrates ve- 
getables to enter into their composition, but it 

• Journ. de Phys. Tom. LVI. p. 107. 

may 
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may be introduced with the water, which always 
holds some in solution, and which is absorbed in 
so great a quantity in vegetation : the opinion, 
that it is necessarily associated with the carbonic 
acid, seems to me to be unfounded; this may 
be entirely deprived of it, although it favours 
its disengagement from the water which con- 
tains it 

The observations made on the earths found in 
vegetables, prove that they are in much greater 
quantity in herbaceous plants than in the ligne- 
ous, and in these than in the trees ; and the ex- 
periments made by Saussure * on the ashes of 
plants \i^hich had vegetated on the summits of 
some mountains, in different soils, appear, from 
the correspondence he observed between the 
parts of the earth on which the plants grew, and 
those which compose the ashes of these plants, to 
prove that magnesia, alumine, and silexarenot 
the work of vegetation, but proceed from the 
soil, and that they are only found accidentally 
in vegetables : we can only be undecided with re- 
spect to calcareous earth ; nevertheless, the ob- 
servations of Bergman and Senebier, on the quan- 
tity which can be furnished, even by rain-water, 
render it at least very probable that it is equally 
foreign to vegetation : this is particularly appli- 
cable to the iron and manganese which is found in 
ashes. The earths introduced into vegetables 

* JouiD. d« Pbys. Tom. LII. 

may 
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may be distributed tliroutth them, and contribute 
to their organic effects; but silex seems to ex- 
perieuce a weaker action of combination in them 
than the others, since it unites and forms a spe- 
cies of crystallization in the tabaslieer, as was 
observed by Macie*, and is, in great part, 
driven to the epidermis in rushes and gramina- 
ceous plants, as is evident from the observations 
of Davyf. 

It is also probable that the salts which contain 
a mineral acid are only introduced into vegeta- 
bles: soda is obtained in abundance in somt 
plants which grow on the sea-shores, while the 
same plants do not yield any when they grow in 
soils remote from the salt M'ater, and according 
to an observation which I have from Cels, those 
which do yield it on the borders of the sea, 
which are not too wet, contain only muriate of 
soda when they grow in the salt water itself: 
these considerations induce me to believe that the 
soda of plants arises from the muriate of soda. 
which is decomposed by the union of the condi- 
tions M'hich produce this decomposition in other 
circumstances (233). 

Pot-ash is found much more generally in plants, 
and its origin is not yet known; there is this re- 
markable fact in the observations of Saussure, 
that potash is found in greatest proportion in the 



• PhilOT. Trans. 1791. 

t Nicholson's Journ. 1789. 
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ashes of vegetabUs which have groir n m a eat* 
careous soil; on the other hand, herbaceoa» 
plants contain more than those which have a 
closer texture : until the result of more positive 
observations is obtained, I am led to believe liiafc 
pot-ash is not the work of vegetation, because all 
tlie • phenomena offered by vegetation indicate 
that its effects are only owing to causes which 
act slowly, to forces which are nearly balanced, 
so that a small reduction of temperature is suf- 
ficient to suspend them, and tiiat products 
sihould not be looked for which require energetic 
agents. 

One part of the materials, in common vegeta- 
tion, mnst arise from the earth and enter into 
the composition of the sap ; but this, in the state 
in which it is obtained from trees, has been sulh- 
jected to an elaboration. We are indebted to 
Vauquelin for some very interesting observations 
6n the sap * : he found acetate of pot-ash and 
acetate of lime in it ; and in that of some trees, 
acetic acid in excess, but it was principally in 
the sap which is first in motion; what succeeds 
does not contain any,, or contains much less, and 
since he discovered these substances in the soil^ 
it Inafy be presumed that they are taken from the 
earth as well as other saline substances, and are 
destroyed by the prolonged act of vegetation : 
the different saps, however, yielded him other sub- 

♦ Journ. de Phyi. An VII. 

stances, 



APPENDIX. 



401 



Stances, which can only be attributed to the work 
of vegetation : thus the sap of some trees yielded 
him tannin and gallic acid ; that of the birch con- 
tains a considerable quantity of a saccharine sub- 
stance, but no tannin or gallic acid ; all have a 
greater or less quantity of a substance which 
yields ammonia and contains azote. 

The sap takes a more decided character when 
it forms the proper juice of the plant, such as 
turpentine: this is seldom found in the stem, un- 
less in the bark, or the part which joins to 
it, it has generally a particular character in the 
leaves, in the fruits, and in the other parts of the 
plant : it does not follow the direction of the sap ; 
for, when a portion of the bark of a cherry tree 
is removed, the mucilage flows through the up- 
per part of the section ; and when an incision is 
made in a branch of fir, the turpentine issues from 
the part nearest to the small end, even when the 
branch is bent towards the earth •. 

Thus the juices which penetrate into a plant 
change their properties continually as they pro- 
ceed, and are distributed to the different parts of 
the stem, the leaves, and the fruits. 

These changes are owing, 1st, to the recipro- 
cal action of substances, which, containing ele- 
ments naturally elastic, experience modifications 
from the slightest causes ; they become more sta-*- 
ble us they attain to a combination hi which the 
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elements can exercise their reciprocal action, and 
undergo a proportionate condensaUon : thus ^ub- 
stances are formed which acquire a peculiar ex« 
iBtence, and which are sometimes wholly insu^ 
lated from the others : it is in this manner that 
the stem, become ligneous, only increases by more 
pliant prolongations at its surface, or at its ex- 
tremities ; that gums or resins transude ; and that 
the acids or their combinatipns become fixed in 
some parts. 

The substances, therefore, which tend to take 
the solid state, and which are on the verge of 
existei&ce, will be solicited by this tendency itself 
to form, and the elements possess a disposition to 
produce the combinations in which the reciprocal 
condensation is greatest. 

2d. To the action of the organs which con« 
tribute particularly to the transmutations which 
they effect, when they are limited to the small 
space they occupy ; for example, the juices take 
very different properties at the petiole of leaves 
and the pedicle of fruits : on this depends the 
utility of grafting. 

Although the action of the organs is obscure, 
and, hitherto, few experiments have been made 
which can lead to a knowledge of what it consists 
in, we may, however, form some conjectures, and 
compare its effects with those whose causes are 
better known. 

It may be observed, that solid substances exer- 
cise an action on the liquids by which they tend 

to 
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to give their constitution to the substances which 
are held in solution, while those which are liquid 
tend, on the contrary, to maintain the liquidity 
of such as have the greatest disposition to preserve 
this state (39). 

If this action produces considerable effects la 
capillary tubes, how much greater must they be 
in very small ones greatly multiplied, and espe- 
cially when they are formed of moieculse which 
have little tenacity, and, consequently, the reci- 
procal affinity scarcely weakens the tendency to 
combination ! 

The juices which run through these vessels affei ' 
themselves, composed of substances very unsta-' 
ble in their composition, and they usually con- 
tain some whose solution is imperfect, so that 
they are milky, or particles, which appear to be 
insulated, are distinguishable by the microscope: 
BOW these particles, being weakly held in solution, 
do not oppose any resistance to the forces which 
tend to modify them, and we shall find a striking 
example of this action in the phenomena of fer- 
mentation. 

This action of the solids concurs with the dis- 
position of the elements of a combination to 
unite in proportions in which their reciprocal 
action produces the most condensation, and with 
the effects of light and air, which operate on some 
particles, while others are deprived of its in- 
fluence. 

PD 2 The 
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The seed therefore begins, by means of the 

action of the air, to free itself from the carbon 

which opposed the reciprocal action of the two 

substances of which it is principally composed ; 

thus a saccharine matter is produced^ whictaf 

having acquired solubility, can exercise an action 

on the vegetable rudiments; this action is directed 

OB them and on the glutinous part, the concur* 

rence of light becomes necessary, carbonic acid is 

continually formed, which, afterwards, produces 

a mutual decomposition with the water ;* the oxi* 

gen, carbon, hidrogen, and azote, are so dis* 

tributed, that one of the elements frequently 

predominates in one of the products, while 

another gives its character to another compound : 

some substances, on the contrary, are formed which 

maintain an equilibrium of action between their 

elements, or are in a neutral state. 

The changes which take place in fruits are inde* 
pendent of vegetation : Ingenhouz has observed 
that they are decomposed by the air ; they produce 
carbonic acid, even when they are exposed to the 
light. 

It appearsj therefore, that they experience a 
change analogous to that which produces germi* 
na^^on in seeds ; they lose a part of their carbon, 
and thus their juice becomes saccharine instead of 
harsh which it was from the operation of vcgeta« 
tion. With respect to the petals and leaves which 
degenerate, they also produce carbonic acid ; but 

then 
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then it is another species of decomposition which 
is effected. 

The products of vegetation differ in the ele- 
ments which compose them, in their proportions, 
and in the predominating qualities which they re- 
tain and are distinguished by : in some the proper- 
ties of oxigen gives them their character, these 
are the acids; in others it is those of hidrogen, 
such are the oils and the resins; others owe their 
characteristic properties to azote, by this they ap- 
proximate to animal substances, and putrefy like 
them; several are found in a state of combination 
which does not permit any of their elements to ap- 
pear superior, so that they seem to experience a 
saturation nearly complete ; in this class are the 
gummy substances, starch and sugar. 

None of these substances, of which several sub- 
divisions may be formed, established on greater 
or less differences, exists without the union of 
oxigen, hidrogen, and carbon, and there are some, 
such as sugar, starch, and gum, which do not 
contain azote; but this is found in a greater or 
less proportion in the others, and e%'en in some 
acids : we have seen that the tartareous acid con- 
tains it (327), and it results from the observations 
of Proust*, that there is also a certain quantity in 
acetic acid. 

It cannot be strictly inferred from the characteris- 
tic properties of a vegetable substance that it cou- 

" Journ. de Phys. Tom, LVI. 



406 APfEiririip 

tains a greatipr ppoportion of one element thAn 
another, in which the properties of the elements 
are in a state of neutralization ; for if bidrogePi 
ioT example, is in a certain quantity, it preAacea 
a much greater saturation of oxigen than carhcxn 
does, as is obvious from a comparison of carfaonio 
acid with water (86s). 

It is difficult to form a judgment £rom the f»- 
>uks of the analyses which have been hitherto 
made : it is to be wished that chemists would turn 
their attention to this subject with the tMmp 
anxiety as they manifest to determine the compo^ 
si tion of mineral substances : the carbon apd ajsote 
may be estimated with accuracy ;*theie is sioie 
difficulty in avoiding uncertainty as to the oi^igea 
aqd hidrogen. 

Sugar, according to Lavoisier^ contains 64 
parts of oxigen, 88 of carbon, and 8 of hidro^ 
gen : in this valuation he has neglected the car-r 
bon which enters into the composition of the car* 
bonic acid, and of the oxi-carburated hidrogen 
gas disengaged in the analysis of sugar; by in«* 
eluding them I have found that the quantity of 
carbon should be raised to nearly 0.33, but since 
the charcoal retains hidrogen, it appears to me 
that Lavoisier^s estimate may be admitted as a sar 
tisfactorj' approximation. Fourcroy and Vauquor 
lin found that 100 parts of gum contain 23.08 of 
carbon, 1 1.54 of hidrogen, and 65 SB of oxir 
gen*: to 100 parts of oxalic acid, they appro- 

t Svst. de Conn, Chim. Tom. VIL 

priate 
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priate 77 parts of oxigen, 13 of carbon, and 10 of 
hidrogcn : I must be permitted to bave soma 
doubts of the latter analysis: the sugar must be 
deprived of part of its liidrogen in passing to the 
state of acid by the action of thenitricacid.for the 
hidrogen combines with tlie oxigen from prefer- 
ence, particularly when the combination does not 
take the elastic slate, which is readily perceived 
in-tlie action of oxigenated muriatic acid, which 
produces the effects of a slight combustion on the 
sugar: now, according to the analysis of Lavoi- 
sier, which they admit, and whose results seem to 
me to come very near the truth, sugar has only 
0.08 of hidrogen. 

However this may be, it will be seen from the 
analysis which 1 have just quoted, that the acids, 
less energetic than the oxalic, cannot have a 
greater proportion of oxigen than sugar and gum, 
although these have no acid property. 

The solidity or softness, the solubility or inso- 
lubility, of vegetable substances, cannot be de- 
duced from those of the parts which compose 
them, because the condensation which their elas- 
tic elements undergo, varies the proportions suf- 
ficiently to change their dispositions ia this re- 
spect. 

Hence a greater quantity of earth is not the 
cause of greater solidity : herbaceous 'plants give 
much more ashes than hard woods. In like man- 
ner, the quantity of carbon does not correspond 
with the greater hardness : woods yield only a 

fifth 
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fifth party nearly^ of their weight in charcoal p 
while sugar and gum leave much more, and that 
of the galNnut exceeds the third of its weighty 
Chaptalf remarks, that fecul^ digeatid in nitric 
acidi takes properties which approach to those of 
ligneous substances; that the cellular texture^ 
which is immediately covered by the epidermis in 
vegetables, takes a ligneous character by the ac« 
tion of the air ; and that trees acquire greater 
hardness when they are stripped of their bark 2 
and he attributes the greater solidity acquired in 
these circumstances to the combinatioq of oxi-» 
gen. Jameson | has confirmed these conjectures 
by the effects which weak nitric acid produces on 
starch. In tact, wood gives much acid in its. 
distillation. This oxidation is analogous to that 
of indigo^ which acquires insolubility* by combi* 
nation with oxigen, and which admits <tf sec- 
tion in the alkalis when it is deprived of it. 

The substances M'hich are blended under the 
name of extracts, experience rapid changes by the 
action of the air, by that of water and of alcohol, 
and by tlie heat which they are subjected to in their 
solution, as is seen in tbe excellent analvsis of 
quinquina** for which we are indebted to Foui^ 
croy. These different Hieans easily produce 

• Frwai. ^zicm, 6t Vhx%. An. MIL— Eacm. dt lAn ic 1^ 
TciutGW, TftiD- I. 

t Eiwii, ^c Cbmi. Tom. in. 

: B:K. Bi-ii. Tom. VHI. 
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separations and new combinations which did not 
exist; so that gieat circumspection is necessary 
in determining what was the natural state of the 
substance under examination, from the products 
which are obtained by these means. 

By the action of the air, the volatile oils take 
the properties of resins, and lose their volatility, 
either because oxigen combines with them, or, 
principally, because that part of the hidrogen 
which adheres least to them, separates and forms 
water: but a brisk action is produced between 
some substances, which quickly changes their 
properties, and wliicli deserves a particular 
attention for the light it can throw upon the 
reciprocal action of vegetable substances, even in 
other circumstances, and upon the processes of one 
of the. most useful arts of society : I speak of the 
vinous fermentation. 

The theory of this fermentation should deter- 
mine what are the substances necessary to its 
establishment ; what are the results of the mutual 
action of these substances ; and, in what it con- 
sists. 

Chemists long confined themselves to the 
appearances of the vinous fermentation; they 
only perceived ill it an intestine movement which 
attenuated and divided the gross particles, disen- 
gaged heat, and changed tlie phlogistic state of it ; 
they neglected the first object, which should have 
jjrecedcd their reasonings, the determination of the 
substances whose reciprocal action produced the 
fermentation ; 
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fertnentatfon ; or if they admitted a fenneiit, if even 
they misapplied the idea of a ferment^ they con- 
sidered this intermedium only as the exciting cause 
ofthe intestine motion, but they left it undeter- 
mined. 

The progress of the system, caused an inquiry 
into what the substance was which could direct 
its action on the saccharine matter, which was 
discovered in what was subjected to fermentation : 
experiments seemed to indicate that it was an acid : 
Henry and Bullion were induced to form this 
opinion. The latter however peceived that another 
intermediate substance, whose nature he could not 
discover, was wanting. 

Fabroni obtained a prize, offered iii 1785 by the 
Acadimie Economique of Florence: he proved* tjiat 
the expressed juice of grapes deposits a st^diment; 
that this sediment forms a fifth of the volume of 
the liquid ; that when the feimentation is com- 
pleted its apparent volume is diminished one third ; 
and, that at a low temperature the juice is entirely 
clarified by depositing this substance : neverthe-» 
less it retains some of it in solution, and can still 
ferment at a suitable temperature. 

He succeeded in the perfect separation of the 
sediment, by repeated filtrations through thick and 
fine papers, but he announces that he had previously 
rendered it more glutinous by means of a strong 
heat, to which he e^tposed it a few seconds. The 

♦ Dc Tart <lc faire du vin, par Fabroni. 

must 
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inustin-'epaped in this manner cannot ferment, but 
the sediment mixed with a fermentescible sub- 
stance causes it to enter into fermentation. 

If the must is placed on the fire, it scarcely at- 
tains the mean degree between ice and boiling 
water, when it becomes like a matter almost 
coagulated, and the sediment is disengaged in the 
form of scum. 

Some others of Fabroni's experiments prove that 
the glutinous part of wheat produces, either on 
the must deprived of its sediment, or in an arti- 
ficial preparation, the same effect as the sediment 
of the must, except that the fermentation is more 
slowly established, and requires a higher tempera- 
ture and the concurrence of tartar ; it shows that 
the leaves and their juice may also be used, since 
a substance similar to the glutinous part, but li- 
quid, is found in them, as has been proved by 
Hilaire Rouelle ; he observed that the flowers of 
the elder could excite fermentation on account 
of containing this substance. 

Fabroui says " That which particularly con- 
" tributes to prove that the rapid movement of 
" fermentation is owing to this vegeto-animal 
''substance, is that it principally constitutes the 
" scum of wine and beer which ferment; a sub- 
'' stance in which resides the faculty of bringing 
" the bodies it is mixed with, to a (]uick fer- 
' mentation : he adds, we find from Pliny, that 
** this faculty was not unknown to the ancients." 

He 
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He did not discover this proper^ of- exciting 
fementation in strong glue^ in the albnmen of 
^^ ^gi or in the indissoluble part of tba animal 
fibre 

Fabroni's work is preceded by an anatQmical 
examination of the gtq)et and he shows that it is 
composed of different liquid substances vhich are 
separated by membranes ; that the saccharine 
substance is chiefly found between the centre and 
the bark ; that it sometimes forms small saccharine 
crystals there ; and, that the vegeto-animal.sub^ 
stance resides principally in the membranes : it 
results from this important observation thatgrapesj 
and Fabroni applies it to other fruits, cannot unr 
dergo fermentation until the matters whose, red* 
procal action produces the fermentation are blend- 
ed and mixed by pressure and trituration. 

His inquirie&are confused with many conside- 
rations drawn from the hypothesis of phlogiston, 
which prevent him from deducing the consequences 
which his observations offer in their simplicity, 
a&d notwitlistanding their results, he epdeavours 
to introduce the action of an ^Qid, which may spme« 
times be a useful agent, but is not necessary^^and 
of which he ought, at least, to have distinguished 
the particular action ; this excellent philosopher 
has corrected his opitiions in a memoir which he 
presented to the Philomatic Society, daring his 
residence in Paris, for an extract from which ve 
are indebted to Fourcroy*. 

* Ann. de Chiin* Tom. XXXI. 
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From this extract it will be seen that Fabroni 
no longer considers the acid as an indispensable 
agent of fermentation, and that he has brought 
his explanations to a greater simplicity: "the 
" saccharine matter is the element necessary to 
" the vinous fermentation; it is decomposed in 
*' it ; it only ferments by the action of another 
'• substance, capable of re-acting upon it, and 
" of disengaging an elastic fluid from it. 

" The matter which decomposes the sugar in 
" the vinous effervescence is the vegeto-animal 
" substance ; it is seated in peculiar utricles in the 
" grape, as well as In the grain ; by crushing the 
" grape this glutinous matter is mixed with the 
" sugar, as it' an acid and a carbonate were poured 
" into the same vessel ; as soon as the two matters 
" are in contact the effervescence or fermentation 
'* commences in it, as happens in every other ope- 

" ration of chemistry 

" When these matters are liquid, the carbon of 
" the glutinous part attacks the oxigen of the su- 
" gar, it burns and is disengaged in gas ; the 
"sugar, partly deoxidated, forms a new kind of 
*' combination with the hidrogen and azote." 

Thenard has made similar observations on the 
juice of the gooseberry, of the cherry, and of se- 
veral other fruits, so that it may be considered as 
constant, 1st, that the expressed juices of fruits, 
which are capable of the vinous fermentation con- 
tain a saccharine substance, aud a vegeto-animal 
substance : 
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substance : 8d, that the substances are insulalsed 
from each other in the fruit which con taips them s- 
9d, that, as soon a» they are brought together 
and blended by expression, their reciprocal action 
begins the phenomena of fermentation : but here 
different questions offer themselves ; is this 
regeto-auimal substance, which serves ^s a fer« 
ment, a uniform substance ? Must it be in a state 
of solution to exercise its action ? Can another 
flrubstance, such as the tartar, promote this action ? 
It results from the experiments of Fabroni and 
Thenard, that the vegeto-animal matter contsiined 
in fementescible juices is similar to the yest which 
separates from wine and beer in fermentation ; but 
the first has shown that the glutinous part of wheat 
is also capable of exciting fermentation, though it 
is then slower and requires a higher temperature : 
I have produced fermentation in a mixture of su«^ 
gar and gluten by adding a little tartar to it, so 
that the gluten can perform the functions of yest, 
although less perfectly; this difference appears to 
me to depend only on the greater adhesion of its 
particles, which opposes its action on the other 
substances, and by employing a gluten whose te- 
nacity was destroyed by incipient putrefaction X 
found that the fermentation was established more 
readily. In analysis and in the disposition to pu- 
trefaction .there is but little difference perceived 
between gluten and yest ; nevertheless Hilaire 
jRouelle obtained a little acid from yest, at the 

commencement 



APPflNDIX. 415 

comnieucement of its distillation, a pfoduct which 
he did not g^t from gluten'*. This difference is to 
be altributed to a portion of starch, which sepa^* 
xates with the vegeto-animal substance, for he did 
not obtain any acid from the coagulated glutea 
of herbaceous juicesj and Fabronihas proved that 
these may be substituted for yest. 

The ferment is therefore a vegeto-animal sub- 
stance, or its composition has some analogy 
with that of animal substances, and it may have 
some differences in its properties, which render it 
more or less proper to produce fermentation. 

Seguin, who undertook an extensive course of 
experiments, principally directed to the perfection 
of the different arts which have fermentation for 
their object, observed that yest digested with 
warm water formed a solution which had, after- 
wards, the property of fermenting with sugar, while 
the ferment of fruits coagulated by the same heat. 
Yest which I boiled with water for ten minutes 
fermented with sugar, but much slower than in its 
ordinary state ; it is the same with that which has 
been kept in digestion with alcohol ; finally, that 
which has been strongly dried also ferments much 
slower, so that this substance itself is capable of 
modifications wliich change the qualities of the 
ferment. 

It is the same with the saccharine subskanoe^ al« 
though it' is compared with sugar« Yest 'and 

• Tableau de TAnal. Chim. . . • 

sugar 
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tugar should be taken for the typcsi of two sixh* 
stances which act in fermentation like an acid and 
an alkah\ of which several species exist in th6 
theory of saline combinations : Proust has also 
established* a difference between the sugar ob- 
tained from the must of grapes by crystallization, 
and common sugar ; these differences will also 
produce variations in the result of the fermenta- 
tion : the saccharine substance of the must of 
beer resembles that of the must of wine only rn 
its general properties. 

If, when the fermentation has become brisk be- 
tween the sugar and the yest, the liquor is filtered, 
it passes transparent, and all the fermentation 
ceases or is suspended ; it recommences as soon as 
the ferment is again mixed with the saccharine 
solution ; nevertheless the filtered liquid at length 
becomes a little turbid ; it forms a small deposit, 
and a fermentation is slowly produced which has 
but little activity. In fact, that which can pass 
in a limpid solution, must, from that cause, be 
subject to a force of combination which opposes 
its change of state, or which renders it slow and 
successive, instead of that strong and tumultuous 
action which characterizes the vinous fermenta- 
tion. It might be supposed that the solution of 
the ferment of which I have spoken is produced by 
the action of the sugar; but Seguin ascertained 
that water put to the ferment produced the same 

♦ Journ. de Phys. Tom. LVI, 

eflfect, 
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effect, by dissolving sugar in it after its separatioo, 
as when the mixture of sugar and ferment was 
filtered after t)iey had remained together, so that 
water alone dissolves as much of the latter, as 
when it holds sugar in solution at the same lime. 
Several experiments of Fabroni and Bullion seem 
to prove that tartar is favourable to fermentation ; 
but since it is not a necessary ingredient in it, it 
probably acts only on the vegeto-animal substance. 
It is known that the vegetable acids can dissolve 
gluten, and the acidulous tartar seems to have this 
property in particular : gluten mixed with sugar 
and water gave me very doubtful indications of 
fermentation : but by adding tartar to the amount 
of one-fifth of the weight of the gluten, the liquor 
became vinous, although the fermentation was 
much slower, and required a higher temperature 
than with yest; thus, though further experi- 
ments are requisite to determine how far the tartar 
may be useful, it is probable that it serves to di- 
minish the insolubility of the ferment. Is it by 
the tartar, or another acid, or by the glutinous 
part, that the stalk of the grape contributes to fer- 
mentation ? 

When, at a temperature sufficiently elevated, 
the ferment and saccharine substance have been 
blended by the expression of the grapes, as well as 
by the pressure or trituration of other fruits, a 
spontaneous movement is almost instantly per- 
ceived to be produced by their reciprocal action, 
the carbonic add gas which is disengaged agitates 
VOL. II. ££ the 
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the liquid^ atid Fabroni compared this phenomenon 
to effervescence with reason ; the causle and efiect 
of them are the same : the saccharine substance 
loses its sweet taste ; the liquor acquires greater 
specific lightness, and becomes vinous; the in** 
testine motion, and the bubbles of carbonic acid 
which attach to the solid parts, throw them to tlie 
surface in the form of scum ; a great part of the 
ferment is in ft, and if the scum is suffered to lua 
off, or if it is separated the fermentation nfiay. 
cease before the saccharine pare has undergode 
fermentation ; one- method of reviving it when it 
languishes is to renew the mixture by motion or 
by pressure (foulage). 

' When the fermentation has lost its vivacity, the 
liquor which was turbid becomes clear, the hetero- 
geneous parts are deposited : great part of this se- 
diment is the superfluous ferment. ., , ■ 

Nevertheless, the cjear wine continues to expe- 
rience a change, much slower, and which some- 
times lasts for years ; by this its qualities ai:tain 
perfection to a certain point, and it becomes more 
spirituous. During this slow action it still deposits 
ferment, which forms a great part of the lees, 
probably because this which was liquid is coagulat- 
ed by the action of the liquor, now become more 
spirituous. The analysis . of the lees, which is 
deposited successively, proves that a great part of it 
is composed of the vegeto-animal substance, for 
Rouelle obtained much ammonia from it, and 
Proust also compared it to animal §i4J!?staDces. 

We 
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We haVe remarked before that when a mixture of 
sngar and yest is. filtered^ the fermentation,; 
though brisk, is suspended, but that at length a slow 
and inactive one is established: it seems, therefore,, 
that in this artificial fermentation, as well as Jn< 
that of the must of grapes, . all that part of the 
fermentation, to whiqh this name i_s 'more especially 
given, and which precedes the clarification, is 
owing to the action of the ferment which is not 
in solution, so that the turbid state is a necessary 
condition of the fermentescible juices. 

Lavoisier made experiments on the products 
of the fermentation of sugar and yest, with his 
accustomed precision; it results from them that 
100 ponderable parts of sugar consume only about 
^ of yest, deducting the water which is fo- 
reign to it; that it produces a little more than 
S5 parts of carbonic acid ; that nearly 58 parts of 
alcohol are obtained by the distillation of the 
vinous liquor, and that a little more than two parts 
of acetic acid, which was formed during the 
fermentation, and four parts of extract, remain. 
Without doubt these products will vary according 
to the differences of the saccharine substance, but 
they are sufficient to give an exact idea of fer- 
mentation. 

At first Lavoisier was of opinion that the form* 
atiou of alcohol was owing to the decomposition of 
the water; but the analysis M^^ich'he made of the 
sugar showed him that the ()*64 of oxigen which 
it contains, were sufficient to explain the produc- 

KB 8 . tion 
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tion of the carbonic acid and that of the acetic 
acid which take place in the vinous fernaentaticm. 
In fact, because it disengages carbon and oxigefly 
as b observed by Chaptal^ the hidrogen remaining 
liK same, *^ the characters of this element must 
** predominate, and the iermentescible mass will 
'* attain a point at which it will offer only an in^ 
•'flammable fluid." 

The extract left by the distillation of wine gives^ 
an acid, by distillation, analogous to the acetic 
acid, and which exhales ammoniacal vapours when 
it is saturated with lime : the acetic acid itself 
. contains azote in its composition : the azote of the 
ferment, or at least apart of it^ is therefore found 
in these products. 

At first the ferment seems to act on the sugar 
by the disposition which one part of itsvcarbon has 
to combine with oxigen. Thenard observed that, 
yest readily absorbed the oxigen with which it 
was kept in contact : it is the same with gluten, 
whose colour changes and soon grows darker. 

When the vinous fermentation is completed, or 
approaches its end, some of the ferment still remains 
in solution; but then it exercises a different 
action, it produces another modification, which 
is to be examined ; it causes the wine to become 
sour, particularly with a certain elevation of tem- 
perature ; that also which was deposited contributes 
to this effect 

This ulterior action of the ferment explains tJtc 

* Elcm. de Chim#Tom. I. 

necessity 
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necessity for attending to the clarification of wine 
which it is intended to preserve, for by it the 
ftrment, whose prolonged action would have 
become injurious, is separated; it is probable that 
the utility of sulphuring consists in coagulating 
this soluble part of the ferment 

The preceding observiations show that the 
knowledge acquired on fermentation, enables us to 
reduce the art of making wine to as exact princi- 
ples as any. other art whatever : they perhaps throw 
some light on the excellent precepts given by 
Chaptal* on this subject. 

There must be a certaih proportion of ferment 
and saccharine matter in a given quantity of 
must ; it is generally the latter whose proportion is 
too small : it may be augmented by the addition 
of sugar, or of any other saccharine substance.. 
A part of theferment may be separated, but proba- 
bly this ii deficient in wines which remain soft 
and flat ; the scum, therefore, is not an useless 
recrement ; it contains a necessary ingredient, 
which, in some circumstances, it might be well 
to augment instead of diminishing it : the more 
the contact of this ingredient with the saccharine 
substance is promoted, the more activity it gives 
to the fermentation. This sediment must be care- 
fully separated when the wine has arrived at the 
desired degree, but the separation must not be 
effected before this epocha. The action which it 
would exercise after it, 'would be injurious. It is 

* Pe I'Art de faireles Vins. Ann. de Chim. Tom. XXXVI. 

Still 



4S2 Ai?PENi>nr, 

still unknown in what the effects of the tartai* con-* 
sistj or even if it is produced in the fermentation, 
as the acetic acid is formed. With respect to thd 
inalic acid which is found in a certain quantity iu 
some wines, is it also a product ot* fermentation, or 
did it exist in thejuiceof the grape? The propor- 
tion of the water may be diminished by ev^porat^ng 
the must 

Ilitherto I l^ave supposed that vinous liquors 
only owe the changes X^ty experience to the 
saccharine substance which they contain: but 
-whether this substance can have a sufficiently great 
diiference of composition, or whether it can be 
divided in two parts, of which, one has properties 
analogou3 to those of starch, and the other^ to 
those of sugar, the properties which suppose the 
existence of these two subst^tnces, or which are 
explained by it, are observed in most wines^ 

When the wine ha3 arrived to acertaiq degree of 
the slow fermentation, it frequently becomes sour, 
and is changed into acetic acid : the elevation of 
the temperature and the contact of the air, whose 
oxigen is absorbed, favour this change. Never^ 
theless some saccharine or generous wines do not 
undergo this alteration, according to the obsierva- 
tion of Chaptal ; some others, on the contrary, 
experience it very readily. This difference seems 
to prove that some wines are produced from'a mus^t 
>vhich contained only a saccharine substance, 
while that from which others are fovmecj had also 
a substance iquch more disposed to acetificar 
tion. 

When 
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When the acetous fermentation takes place, the 
vinous liquor becomes turbicf, and at length is 
clarified by a deposition which, in a great measure, 
is owing to a new separation of the ferment. It 
appears therefore that the ferment which remained 
in solution, produces the vinous fermentation while 
it meets with the saccharine substance, that when 
this is nearly exhausted, it exercises a weaker 
action, which usually requires a highertemperature, 
on another substance which is analogous to 
starch, and that then it produces acetic acid. 

The oxigen which is absorbed during the acetiq 
fermentatiouj according to the observation of Ro- 
sier, may serve for the decomposition of the vinous 
combination, by combining with the hidrogen, or 
else it enters immediately into the composition of 
the acetic acid j but to judge from the spoiling of 
wine left in contact with the air, it produces much 
more of the first effect than of the second. Never- 
theless the production of acetic acid is hot al>vays 
owing to these two causes ; it is formed during the 
vinous fermentation of sugar and yest, even 
without communication with the air : it is tru.e, it 
may then be owing to the portion of starch which 
the yest always contains ; this subject requires 
elucidation. 

Parmentier, Deyeux, and Vauquelin, have exa- 
mined the sour water of the starch makers, which 
contains the results of the fermentation of the 
faraia left to itself an<l to the action of water; 
they obtained from it a little alcohol, a consiclerable 

quantity; 



(quantity of acetic acid, and Vauquelia found 
a little ammpnia and phosphate of itme in 
it*. I- 

It IS natural to attribute the small quaiitity of 
i^cohol to the minute portion of the saccharine 
substance which is contained in thip. £ifiva: the 
ammonia and phosphate of lime sifc indubitably 
product^ of th^ putrefaction of a portion of 
gluten. 

Vauquelin observes that* in the fabrication of 
starchi all that which existed before the operation 
fs not extracted* and th^t a p^rt; of it nmst.I&ve 
been destroyed by the acetificatioQ.; the gluten 
and the substance which produces the alcohol can 
pnly contribute a yery small proportion of the 
quantity of sweetie acid which is foitned* either by 
putrefaction^ or by the vinous fermentation^ . 

I exposed a mixture of gluten and starch* both 
caref^lly washed^ tp a temperature a little raised, 
and with a certain quantity of w^ter^ acetic acid 
was quickly formed without any indication of ^ 
spirituous liquor ; but the acid W^^ soon saturated 
in part with ammoni^ so th^t the gluten was not 
ioDg in entering into putrefaction. • 

The preceding observations seem to me to prove 
that acetificatipn is principally owing to the action 
pf gluten, or of a substance which nearly re-^ 
sembles it, on the starchy or on an analogous 
Sfubst^ncCi although it can take place in a slight 

• ^n. de Cl^im. Tom. XXXYIH. 
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degree in the vinous fermentation, or by theactioii 
of oxigeii on the wine. 

Panary fermentation has much similarity with 
tlie acetous; it h established between the gluten 
and Btarcli when they are so combined as to be 
able to act on each other ; I have ascertained that 
much carbonic acid is disengaged: yest accele- 
rates this fermentation, because it has less cohe- 
rence than gluten ; leaven produces the same ef- 
fect, because the i;icipient fermentation which it 
has experienced has also diminished the cohesion 
of its particles, and disposed it to exercise its 
action : hence it may be employed as a ferment to 
saccharine substances : the acidity which it lias ac- 
quired may promote this effect, by occasioning a 
little less insolubility in the gluten. As the recipro- 
cal action is weaker in this fermentation than in the 
vinous, it requires a more elevated degree of heat. 
\Vlien it is advanced, the gluten can no longer be 
separated from the starch, and it is afterwards 
blended with the acetous fermentation. Thus the 
cereal seeds may experience different changes ac- 
cording to the state of the gluten, and of the 
starch which they contain: if these two sub- 
stances remain insulated, humidity causes the 
gluten to enter into putrefaction, and the seed 
loses the property of germinating; if they are 
blended, the panary or acetous fermentation is 
established between them, particularly when their 
action is facilitated by that of a more attenuated 
gluten ; but to enable the starch to undergo the 
vinous 
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vidou6 fermentation, it must abandon* part of its 
carbon, and thus acquire the properties of a sac- 
charine substance ; hence the preparation of beer 
commences by germination. In the juices of the 
sweet fruits^ the saccharine substance is already 
produced, they can therefore pass immediately to 
the vinous fermentation. 

Chemists are divided as to the existence of aU 
cohol in wine : some think it is ready formed ; 
others only consider the wine as a substance dis* 
posed to produce it by the action of heat. 

By dissolving the residuum ofdistillationin the 
liquor which has passed into the receiver, we are 
far from obtaining a, liquor resembling the wine 
which had been the subject of the operation, and 
if the alcohol was ready formed, it could rise at a 
heat below what is necessary for the ebullition of 
water, since the term of its own ebullition is 66^ 
of Reaumur s thermometer: it would only carry 
with it a quantity of water nearly corresponding 
to Jihc tension of the latter. The acceleration of 
the term of ebullition, which I have supposed 
(244, G4.^) could only produce a small effect: al- 
cohol would be obtained at once, with less heat, 
as it is obtained from wine with which alcohol o^ 
brandy has been mixed. 

It apj)eiirs to uic, therefore, that alcohol has 
not, at fii6t, an insulated existence in. wine, al* 
thonoj] a little may be found in penerous old 
wines, bnt that, laying aside the tartar and the 
other acids, this liquor mubl be considt^red as an 

uniform 



APPENDIX* 427 

uniform compound, in which, according to the 
opinion' of Chaptal, the properties of hidrogen 
are predominant : heat disposes this elastic prin- 
ciple to separate, but its elasticity being balanced 
by the affinity which retains it in combination, a 
division of the elements takes place in the ratio of 
these two* forces, and a liquid passes in distillation^ 
in which the properties of the hidrogen have be- 
come much more predominant, while the other 
principles of greater fixity remain and form the 
extract: a second distillation of the spirituoAs 
liquor separates the water, which was only re- 
tained with the alcohol by a weak affinity. 

Even when the extract is obtained from a liquor 
formed by means of sugar and yest,' it retains 
acetic acid, as I have observed before, and it 
givis an acid product by distillation ; but if lime 
is added to this acid, which is of an acetic nature^ 
ammoniacal vapours are disengaged : the acetic 
acid itself holds azote in its composition, as was 
shown by Proust*; whence it follows that the 
charcoal which remains in this operation will also 
conceal it, for the charcoal of substances con- 
taintng azote can form Pruffic acid, and Proust 
has observed that it was contained in the residue 
of the distillation of acetate of pot-ash. 

By the action of some acids, alcohol undergoesi 
a change which produces new properties ; it passes 
to the state of ether, 

♦ Joum. de Phys. Tom. LVI. 

Since 
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Since the'muriatic acid is incapable of prodttctiig 
ether> except whed it is in some cohibinations^ ill 
which it t8 supposed to be oxigenated, it has been 
thought that oxigen was necessary to the compo* 
tition of the ether, and that the alcohol received 
kfrom an acid to pass into that state ; this opinion 
bas been strengtiiened by the supposition that 
acetic - acid which is capable of producing ether, 
differs from the acetous acid by an excess of 
oxigen. 

. • We are indebted to Fourcroy and Vauqueliu for 
some Very interesting observations on the actioti 
which sulphuric acid exercises both on vegetabte 
snd animal substances, and on alcohol*, and sllso 
cm the production of ether. 
• They observed that this acid separated a carbo- 
naceous substance from it, that at the same time 
its concentration diminished, and that conse^ 
cpiently it produced water : they explain the con- 
version of alcohol into ether by this action; the 
-oxigc;n and the hidrogen of the alcohol are de- 
termined to form the M^ater, and a part of its cbar^ 
coal is separated, so that alcohol differs from 
ether, according to them, by containing more 
carbon and less oxigen and hidrogen, and the 
sweet oil which -succeeds to its production, is to 
the ether, nearly what the alcohol is to it : they 
:0how that the production of the ether precedes the 
formation of sulphureous acid, and that conse^ 

• Ann* de Cbim. Tom* XXIU« 

quently 



iquentty tbe sulphuric acid does not con^HlMiite to 
^ by yielding oxigen. 

I shall allow myself san>e obserrations on this 
luminous theory. 

Ist It is not charcoal which is separated by tlie 
action of the sulphuric acid, but a resinous or bi- 
tuminous substance, which, after being well wash- 
ed, yields an acid and an oil by distillation. 

2d. The production of an acid doe^ not seem 
to me to be a constant effect ; I did not perceive 
any by causing sulphuric acid to act on sugar. 
If this acid is concentrated, sulphureous acid is 
#bnned ; if it is sufficiently diluted, orfy the sepa- 
ration of the black substance is perceived wfthout ^ 
any odour of acetic acid. 

That which is observed in general in the action 
of a liquid on a su/bstance whose composition is 
ehangeable, happens therefore here : tlie sulphuric 
Ikcid tends to combine with every thing which can 
take the liquid estate, thus it determines the form- 
ation of the water : on the other hand a-solid sub- 
•atance is produced with proportions in which the 
clement which has the greatest disposition to so- 
lidity, predominates : this phenomenon is sknilar 
to that of the separation of a soluble a^ an in- 
soluble sulphate of mercury by water (387). 

If, m this separation, there is an excess of oxtw 

gen in the soluble part, it can form a soldWe acid; 

"but Its formation is not a necessary effect of the 

action of the sulphuric acid, since sugar treated 

with this acid did not, perceptiUyi ^tfi^ the odour 

which 
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which Would have discovered the acetic acid even 
if a small quantity of it had been produced^ ^ 

If we apply these considerations to the trans- 
formation of alcohol to ether, we shall see that 
there is a separation of a resinous substance, and 
a production of water ; but here there is a great' 
excess of hidrogen ; what then becomes of it? it 
will tend to separate by its elasticity, which is in- 
creased by the heat, and to form an inverse com- 
bination to that of the substance which becomes 
solid, that is to say, a combination in which the 
hidrogen predominates : this is ether. Hence it 
follows that the ether will contain a much greater 
proportion of hidrogen than the alcohol, and 
much less oxigen : my colleagues, however, ad- 
mit of a greater proportion of oxigen in it. 

If alcohol is passed through a red-hot tube, 
carburated hidrogen gas is disengaged, of a great 
specific lightness, but an acid liquid is distilled, 
in which there is consequently an excess of oxi- , 
gen : if ether is submitted to the same operation, 
carburated hidrogen is also disengaged, which has 
a greater specific gravity than the former, but 
the same quantities of carbon and hidrogen, in the 
same weight, as was observed by the Dutch che- 
mists *. This gas does not contain carbonic acid, 
and no liquid acid is formed, as in the destruction 
of alcohol. 

When alcohol is decomposed by oxigenated mu- 
riatic acid, the residue is a substance somewhat 

« Journ. de Phys. An II. 

resembling 
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TCsembling that obtained by it from sugar itself * ; 
but ether seems to be entirely reduced to water, 
and to leave only a little thick oil f. 

If there was a more considerable proportion of 
oxigen in the ether, it must be injurious to its 
greater inflammability, and, by^the strong actipn 
which it exercises, to its specific lightness. 

Although the last experiments were not made 
with that care which the exact comparison of al- 
cohol and ether requires, they nevertheless con- 
cur with the indications of the theory to prove 
that ether contains a smaller proportion of oxigea 
than alcohol. 

The formation of sweet oil is accompanied by 
the production of sulphureous acid, which shows 
that it contains a smaller proportion of hidrogea 
and a greater of oxigen, than ether. 

Fourcroy and Vauquelin are of opinion that 
acetic acid is formed with the ether: Pelletier 
did not perceive any, nor did Proust:};. This re* 
suit must therefore be considered as doubtful; but 
it is desirable that it should be ascertained, for the 
formation of acetic ^cid would prove that azote 
enters into alcohol : this should also be applied 
to the acid which is formed when alcohol is passed 
through a red-hot tube. 

In the formation of nitric ether chemists know 
that acetic acid is produced^ but the origin of the 

♦ Mem. del' Acad. 1785. " 

t Ilfid. Tom. II. ; 

I JouiQ. de Phys. Ad II. . . 

, . azote 
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azote which enters into its conipoaitioa is atiA^ 
buted to the nitric acid. In this operation a pe^^ 
culiar gas is produced, which was observed by 
Pelletier, and analysed by. the Dutch chemists :; 
this gas is inflammable ; it is soluble in water ; it 
combines with the alkalis ; it arises from the ether 
and the nitrous gas, which maintain a separate 
existence, . but nevertheless form a combination 
whose properties are common until a superior 
affinity breaks it: this is a new example of an in- 
flammable gas which contains a considerable pro* 
portion of oxigen. The disengagement of this 
gas should be avoided in the production of nitric 
ether, because it abstracts the ether. 

The causes of the production of ether show 
why some acids are incapable of producing it : 
Pelletier was unable to obtain ether with the phos- 
phoric and arsenic acids because they have too 
little action on water : acetic acid must be in the 
state in which it is known by the name of radical 
vinegar, because it is only in this state that it is 
sufficiently deprived of water : muriatic acid must 
be combined with a very oxided metal, because 
then, deprived of water and very concentrated, it 
has a strong action on this liquid, as was shown 
by Adet, with the fuming muriate of tin (S93). 

In the distillation of vegetable substances, other 
separations take place, and othei" combinations 
are formed, determined by the composition of the 
substances which undergo this operation, by the 
temperature and the other circumstances which 

can 
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can rtiodify chemical action : by a moderate heat, 
a volatile oil is changed into a more volatile oil 
and a fesiti ; the "first, subjected to a higher tem- 
perature, is reduced into carburated hidrogen gas 
and carbonic acid ; a great part of the charcoal 
remains fixed. The resin gives the same products, 
by the same examination, but in different propor- 
tions; the charcoal which it leaves is much more 
abundant. 

The products also differ according to the com- 
position of fat substances as well as their proper- 
ties : the fixed oils seem to contain more oxigen 
and less carbon : with a greater proportion of oxi- 
gen they pass to the state of tallow and wax ; they 
yield more acid in their decomposition. 

The substances which contain much oxigen 
give oxi-carbu rated hidrogen in their decompo- 
sition. The gazeous products vary, as was ob- 
served by Lavoisier, according to tlie quicker or 
slower action of heat, because, in the first case, 
water may be decomposed, and, in the second, it 
may pass in distillation before it- experiences this 
decomposition. 

The azote which is found in several vegetable . 
substances enters into a more intimate composition 
with the hidrogen, and forms ammonia ; sometimes 
also Prussic acid. The charcoal retains part of 
the azote ; the earths and undecomposable salts 
remain blended with it 

All these changes are owing, 1st, to the affinity 

which tends to unite the differejnt elements pre- 

voL. II. FF sent; 
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sent, or to separate them by the solidity, or. the 
elasticity determined by thq proportions in which 
their reciprocal action is most energetic, and by 
the temperature : 2d, to the reciprocal action of 
the compounds which tends to give them a com- 
mon state of liquidity, or to separate the parts/ 
which differ by their disposition to the solid or 
elastic state. 

If the applications of chemistry to the compo- 
sition of vegetable substances, ta their produc- 
tion and to their reciprocal action still present 
many undetermined objects ; if the theory is li- 
mited to forming conjectures on many of these 
objects, which cannot be established but by a suc- 
cession of inquiries ; or if there is a certain num- 
ber of them on which only hypothetical ideas can . 
yet be obtained, how much greater must be the 
difficulties which offer ta the knowledge of the 
properties of animal substances, in their relations 
with the elements which compose them, and with 
the successive changes which they experience f 

A greater number of elements enter into the 
combinations which form animal substances : 
azote, which vegetable substances do not always 
contain, or have only in a small quantity, is a ne- 
cessary part of those which are animal : sulphur 
and phosphorus seem to be found in all of them : 
they all contain considerable proportions of hi- 
drogen : hence, unless they have acquired a con- 
sistence which can maintaip them in their state, 
they are very unstable and very liable to expe- 
rience 



APPENDIX. 435 

rience variations, and the more so because they^ 
receive but little oxigen into their compbsition, 
which by the force of its action might give more 
stability to it. 

The difficulty of these applications is consi- 
derably increased when the attention is directed 
to the phenomena of the living animal : the res- 
piration, which keeps the living body at an ele- 
vated temperature; the circulation, which unceas- 
ingly renews the contact of substances, different 
and of a variable natuise, in vessels equally diffe- 
rent and whose action is constantly modi^ed by 
the vital properties, produce continual changes 
and new combinations. 

When these difficulties are weighed, we cannot 
but be surprised at the precipitation with which 
some have been eager to give chemical explana- 
tions of all the phenomena of the living animal. 

On the other hand, some celebrated physiolo- 
gists are of opinion that the phenomena of the 
living body are entirely unconnected- with the 
laws of physics, and are wliolly owing to a vital 
force, which they employ vaguely in all their ex- 
planations ; according to them, the blood itself, 
and the other liquids, are endowed with this force, 
which is predominant in all the changes which they 
experience ; they might with the same reason say 
that animated substances have neither weight nor 
tendency to combination, and that the most pow- 
erful chemical agents lose all their energy on a 
substance which is governed by such a force. 

FF 2 Every 



Every thing dependent on the vital action, vrho9t 
distinct effects may be perceived, such as thostf 
arising from the sensibility, the animal contract!* 
bility, the organic contractibility, should ccr-* 
tainly be distinguished. 

The observation of these effects, the knowledge * 
of the organs which produce them, pf their distri- 
bution, of their relations with each other, and of, 
their peculiar affections^ even the modifications 
which may result from them in the reciprocal ac- 
tion of the liquids and solids, are the subjects of 
a series of inquiries which must not be confound^* 
ed with those whose object is the other physical 
phenomena ; but it must not tl^ence be concluded 
that the physical causes which exercise their ac« 
tion on brute substances, are not to be taken into 
physiological considerations. Does not the light 
act upon the eye conformably with its properties P' 
Do not the vibrations of the air communicate im- 
pressions to the ear which correspond with their 
variations ? Do not nitric acid and pot-ash dis* 
solve a living substance, as though it was deprived 
of life? Are not the phosphate of lime of the 
bones, the phosphoric acid, and the phosphates of 
the urine, combinations whose elements have been 
subjected to affinity, independently of vitality ? 

It appears to me, therefore, that the combina- 
tions which take place in the living animal, are 
equally the effect of an affinity which is varied by 
the circumstances, as in the other chemical phe- 
nomenal but these circumstances are y^ry multi- 
farious ; 
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^rious ; the organic action may also cause them 
to vary by the contraction and motion occasioned 
by the organic sympathy and the vital alFections, 

The chemical dispositions which may be found 
in animal substances depend on the elements which 
compose them, on their proportions, on their 
Btate of combination, and particularly on their 
softness and their solidity ; thus, all other things 
being equal, a greater proportion of azote will 
render them more putrescible. It is obvious, there- 
fore, that to ascend to the source of the chemical 
properties of the different animal, substances, we 
must begin by making an exact analysis, and de- 
termining theproportions of their elements. Four»- 
croy is almost the only one who has engaged in 
this subject with any method; but it is a work 
which can be brought to the recjuisite precision 
only by long and multiplied researches, and, un- 
til lately, chemistry did not possess the neces;sary 
ground- work. 

Vitality belongs only to substances which have 
a certain proportion of azote and of hidrogen : it 
may be said that a moderate action of these ele»« 
ments is necessary for the establishment of another 
order of properties, and that these properties are 
modified according to the chemiqal qualities of the 
combination ; thus the sensibility is exquisite, 
with a softness allied to the degree of solidity ne- 
cessary to the communication of tde vital action, 
which requires an intercourse between the inte*? 
grant particles pf » substance; such is the nervous 

pulp ; 
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pulp : as soon as the solidity is augmented to a 
certain degree, the sensibility diminishes and even 
disappears ; if the solid particles resume their soft- 
ness, it frequently happens that they acquire a new 
sensibility. 

The progress of life is particularly seen in mi- 
croscopic animals ; rudiments which offer only the 
appearances of vegetation, and which also retain 
them in one part of their growth, are changed into 
animals : thus the green matter which Priestley 
took for a common vegetable, is, in great part, 
composed of animalculae, which can afterwards 
be multiplied in different manners, as was observed 
by Ingenhouz*, and give oxigen gas by exposure 
to the light. 

The fuel, the byssi, the tremellse, and an inde- 
finite number of other substances, which enjoy the 
properties of poly pit, offer phenomena common to 
the vegetable and animal state, and pass from one 
to the other. 

Some of these substances may arise from the de- 
composition of animal substances, which, if their 
quantity is small, compared with the water, do 
not, in this case, putrefy ; but if they experience 
a commencement of putrefaction, the products, 
particularly the odour, which is an indication of 
it, disappear, and oxigen gas is disengaged. 

• Nouv. exper. et observ. Tom. I. 

t Recherch. chim. et microscop. sur les conferves, les hisses, 
tremelles, etc« par Girud Chantraiis. 

This 
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This remarkable effect, observed by Priestley*, 
does not take place without the assistance of 
light : in the dark, only the products of putre- 
faction are obtained. 

The production of these substances, which have 
a vegeto-animal organization, seems always to re- 
quire the concuiTcnce of light ; it is always ac- 
companied by a disengagement of oxigen gas; it 
requires, therefore, a decomposition of water, whose 
hidrogen, consequently, enters into their compo- 
sition. 

Azote also enters into them, for they putrefy 
readily, and Girod Chantrans obtained ammonia 
by their analysis. It appears that the animal sub- 
stances furnish this azote, which renders them 
particularly proper for their ready production : 
they may, however, be produced or grow without 
the concurrence of animal substances, and then 
they appear to take the azote which is dissolved 
in the water : hence it arises that, according to 
the observation of Spallanzanif, microscopic ani- 
mals die soon, when the water they inhabit is not 
in contact with a certain quantity of air. Some 
vegeto-animal substances may receive a consider- 
able increase in pure water, b)^ means of some 
fragments put into it, as was shown by Girod 
Chantrans, for the purpose of ascertaining their 
composition ; do these substances then contain the 

• Exper. et observ, gur cliff, branches de la Phys. Tom. III. 
t Oeuvres. Tom. II. 

great 
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great proportion of calcareous earth which he found 
in them ? It remains to be examined whether these 
' green productions can arise from the decpmposiT 
tion of carbonic acid, when (hey are not owing 
to an animal substance. It is probable that they 
retain a little oxigen in their jcomposition, sinc^ 
oil is obtained from them by distillation. 

We are already indebted to Cabani^ for several 
important considerations on the passage of the 
brute substance to the animated substance : he will 
furnish new information pn this subject, since h^ 
^as announced that he continues to be occupie4 
with it*. 

Some fishes seem to grow by a similar process : 
Rondelet has observed that some of them acquired 
a considerable weight by living in pure water. It 
js prpbable that the decomppsition of water tak^ • 
place abundantly in all animals, for they become 
very fat by living on aliments which contain |)ut 
Jittle hidrogen ; and, in general, all animal sub-^ 
^tances have a great proportion of hidrogen. 

•The azote accumulated in animals which respire 
arises partly from ths respiration itself. Priestley 
had observed that a considerable absorption of thii 
gas took place, but there might have been somp 
cause of uncertainty in the process which he em- 
ployed: Davy, who conduct^ his expe^'imenta 
yith great accuracy, has removed every possible 
(loubt ; he observed that in the ordinary respira- 

* Rapports du physique et du moral derhomme. Tom. II. 

tion, 
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tioq, the quantity of azote gas absorbed is nearly 
a sixth of that of the oxigen gas, and that only a 
part of the latter is employed to form the carbonic 
acid, so that another part serves for the composi-* 
tion of water, or enters into some other combina- 
tion*. 

' The chemical action of substances which enjoy 
life being brisker than that of those in vegetation, 
combinations much more difficult to form will re- 
sult from it. Lime and phosphorus are perhaps of 
the number of these productions, for the experi'- 
jnents of Vauquelin, which it would be important 
to repeat and vary, indicate a quantity of lime 
and phosphoric acid in the excrements of a fowl, 
fnuch greater than what existed in the food with 
which it was nourishedf. It is to be wished that 
Girod Chantrans had also examined whether the 
^nimal plants produced phosphorus or phosphoric 
^cid. 

Animal substances, abandoned to themselves, 
pnter into putrefaction ; the changes which they 
undergo fj* om it ; the term at which their decom- 
position is stopped according to the circumstances; 
the combinations which are formed, are still far 
from being known, as has been observed by 
Proust. 

If putrefaction is established with but little 
>vater, a great quantity of inflammable gas is dis- 

# Philos. Trans. 1790. 
•)• Bibl. Brit. Tom. XXL 

engaged. 



engagedi which is carburatedor oxi-carburated, and 
w. ich is mixed with a certaiin quantity of car- 
bo ic acid : if the gas is washed/ the carbonic 
acid separates, and it loses much of its stench ; 
when its disengagement is obstructed by stopping 
the flask, the putrefaction soon ceases, and does 
Hot resume its progress until the gas, which pro- 
duces a compression, is permitted to escape: if 
there is much water with the animal substance, 
only a small quantity of gas is disengaged, but the 
liquid becomes very fetid : finally, if the propor- 
tion^of water is very considerable, and if the ves- 
sel is exposed to the sun, there is no putrefaction, 
but a production of animated matter, and a disen- 
gagement of oxigen gas. When the substance 
which putrefies is in contact with a great quantity 
of air, carbonic acid is produced, but not the in- 
flammable gas, and the volume of the elastic fluid 
diminishes instead of augmenting; the substance 
which then undergoes putrefaction, loses its con- 
sistence and becomes viscous and almost liquid, 
so that there is unquestionably a production of 
water ; at the same time ammonia is formed, and, 
at the beginning, an acid whose traces disappear 
by the augmentation of the ammonia ; when the 
air has been successively renewed, the putrid odour 
ceases to be perceptible. 

The cause of the deadly influence of putrid ema- 
nations has not yet been elucidated : Priestley 
and Cavendish found that air might be rendered 
infectious without its deleterious qualities being 

discoverable 



discoverable by eudiometric tests. By combining 
the very small number of observations which 
have been made on this subject, it appears that 
the product which yields the putrid odour has 
bnt little gazeous disposition, and that the quan- 
tity dissolved by the gases which are in contact 
with it, or which are disengaged during putrefac- 
tion, is scarcely appreciable, Crawford observed 
that it did not take the gazeous state by distil- 
lation*. The precipitates which have been ob- 
tained from some metallic solutions by the icho- 
rous sanies, maybe attributed to a little sulphu- 
rated hidrogen. This combination must necessa- 
rily have azote, since substances without azote do 
not putrefy, and probably those are most putres- 
cible which contain the greatest quantity of it. 
Whatever this substance may be, chemistry has 
been able to destroy its deleterious effects, even 
without being acquainted with it; for this ser- 
vice we are indebted to Guy ton, and its im- 
portance will become greater as it is better 
known f . 

The acids may be serviceable in removing in- 
fection, either because they destroy the putrid 
combination, as is very probably done by the 
oxigenated muriatic acid, and perhaps by the ni- 
tric and sulphureous acids, or by simply com- 

* Philos. Trans. 17^0. 

t Trait^ des Moyens de desinfecter TAir. 

bining 
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)>iaing with the putrid substance. It is thus that 
the muriatic acid appear^ to act ; but it must not 
be concluded from this, that the substance is an 
«lkali, for the alkalis have also the property of 
combining with it, and^ at least, lessening its 
effects; antiseptics prevent them by producing 
a combination with animal substances, which 
offers more resistance to. the causes of decom- 
position. 

The distinctive power of opposing all putrefao* 
tion, alone, is attributed to the vital action ; but 
the ferment of an animal nature does not enter into 
putrefaction in the vinous fermentation, or even 
in the acetous ; several antiseptic substances pre-* 
,vent its appearance by their combination; the 
; gluten of flour does not putrefy without a cer- 
tain degree of humidity, and putrefaction goes 
on in some substances which are not wholly de-« 
prived of the vital influence. It appears to me, 
therefore, that the chemical causes which are op-» 
posed to putrefaction during life, may be sought 
for and found in the succession of combinations 
which^ are effected, and in the continual evacua- 
fion of the urce, which contains much azote, ac- 
cording to the excellent observation of Fourcroy*, 
whether the azote enters into the composition of 
the uree, as he believes or is previously found 
in it in the state of ammonia, as is announced 



• Syst de Conn. Chim. Tom. X. 



by 



iKPPENDlX. 445 

by Proust ; the other excrementitial substances 
will also contribute to this effect; finally, the 
rital action will contribute to it by the motions 
and contractions which it produces, and which 
fepel the objects which affect the senses in a cer- 
tain manner. 

Such of the animal substances as contain the 
least azote undergo only a commencement of 
putrefaction, and are changed into cheese ; the 
properties of the caseous substance of milk ap- 
pear to me to be owing to this circumstance:^ 
Hilaire Rouelle observed, that the gluten also ex- 
perienced this change : on leaving the albumen 
of eggy coagulated by heat, exposed to the air, I 
observed that it passed slowly to the state of 
cheese. Vauquelin observed that acetic acid 
and ammonia were produced in the formation of 
cheese: this production seems to take place ia 
all putrefaction. 

The elements of animal substances separate at 
an elevated temperature, and form combinations 
determined by the volatility and the fixity : the 
azote and the hidrogen produce ammonia and 
Prussic acid ; a great part of the hidrogen enters 
into the composition of carburated hidrogen and 
the oils ; carbonic acid is also formed, either by 
the decomposition of water, or by means of the 
oxigen which entered into the composition of the 
animal substance ; it is probably to the latter 
that an acid, analogous to the acetic acid^ which 

is 
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18 found in the products of the distillation, is in* 
dehted for its formation ; finally, the carbonace- 
ous residue contains the phosphates and the dif- 
ferent earths and oxides. 

Indications of sulphur are also perceived in 
this operation: the charcoal retains azote and 
sulphur^ by means of which it can form Prussic 
acid and sulphurated hidrogen. 
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The reciprocal affinity of all substances, and 
the dispositions belonging to them, and which 
depend on the relations between caloric and the 
particles which compose them, form the power 
which produces alL the changes of combinatioa 
which succeed each other in nature, and the phe- 
nomena derived from them : hence arise all the 
forces which are balanced, blended, or opposed ; 
which are neutralized, or developed in their pri- 
mitive energy. 

In the first part of this Essay I have compared 
the effects of these general causes, to discover the 
laws which they follow; I have analyzed those of 
each disposition common to different substances. 
From these considerations I have concluded, that 
all the reciprocal action of bodies which tends to 
change their state of combination, is obedient 
to the same laws, and that all the pheno- 
mena which result from it are not the pro- 
ducts 
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ducts of the affinity of the substances alone, but 
that they also depend on the dispositions which 
distinguish them, and on the changes which they 
experience from the circumstances in which they 
are found. 

In the second part I have examined the parti- 
cular dispositions of substances, and have endea- 
voured to discover the influence of these disposi- 
tions, and the modifications which they may 
{)roduce in the exercise of the affinity peculiar 
to them, or which they may receive, in the effects 
of their action. 

The individual qualities are connected by the 
tendencies to combination, M'hich is their princi- 
ple; it is by these connexions that the sub- 
stances should be classed, and the chemical pro- 
perties which distinguish them compared. Rest- 
ing on these considerations, I have successively 
compared the substances whose energetic action 
produces the most distinct effects, contributes 
most to the phenomena, and becomes an instru- 
ment in the hands of a chemist. 

If the chemical properties of the different sub- 
stances are owing to their affinity and to their 
peculiar dispositions, those of the combinations 
which they form depend on the respective satu- 
ration, on the changes of constitution arising 
from the reciprocal action, and on the degree of 
force which maintains the combination : thus the 
properties of simple substances are not only the 
cause of combinations, but also of their peculiar 

. ; affections* 
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affections, I have endeavoured to follow them 
in the transmutations which they experience, 
and in the revivification which they owe to op- 
posite conditions. 

After having recognized the properties and 
substances which exercise a chemical action, we 
can proceed to the examination of the pheno- 
mena which are the consequence of it, but 
which often depend on a very complicated ac- 
tion, all the elements of which it is necessary to 
endeavour to distinguish. . 

In this examination, sometimes only results can 
be obtained which are capable of a double ex- 
planation ; the causes of the phenomena may also 
be too complex to be distinguishable by actual 
data, and the combinations too unstable to ascer- 
tain the parts which compose them, or at least the 
state in which they exist. 

When observation cannot attain to determinate 
results, it still remains in the power of chemistry 
to ascertain and unite the circumstances which 
can occasion a production or a phenomenon; 
thus it can be extended to the most obscure pro^ 
cesses and the most complicated phenomena of 
the arts, so that the applications of chemistry have 
no other limits but those of the reciprocal action 
of bodies. 

In inquiries whose object is the general pro- 
perties, as well as in those employed on the pecu- 
liar properties and the applications of chemistry, 
whether a substance or a (iJienomenon is analyzed, 

VOL. ir. GO we 
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we must only decide from accurate experiments, 
all the circumstances of which have been exa-* 
niined with care, so that this precision in the 
art of experiments should be the constant soli* 
citude of chemists; but it would be a gross error 
to endeavour to collect the results of insulated 
experiments withdut being guided by an enlight- 
ened theory. Is not this theory the fruit of ex* 
peri men ts directed to the more or less precise de- 
termination of the general properties ? Each prin-^ 
efple which it establishes will be a consequence 
of experiments made on a common property, and 
without these principles we shall only obtain fact^ 
incompletely observed, unconnected with each 
other, and uselessly accumulated. 

I have endeavoured to estimate all the forces 
which contribute to chemical action, and after- 
wards the principal properties of the substances 
which exercise these forces : I have examined the 
causes, and have endeavoured to balance them 
with their effects; but, in concluding this 
Essay, I repeat that I am persuaded that, both in 
the discussion of principles, and in the numerous 
applications which have offered, it has frequently 
happened that I have relied on facts whose ac- 
curacy was not sufBciently confirmed; that I 
have attributed effects to a cause of which they 
were independent, and have given too much au- 
thority to views which, as yet, are only conjec- 
tural : still I shall have accomplished my objedti 
if I engage the attention of chemists to principles 

which 
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which have been admitted with too much confi-^ 
dence, and to properties M'hich it appears to me 
important to establish with more care, that the 
science may gain strength in its rapid progress: 
I shall be the most vigilant among them to dis- 
cover the causes of error which may have imposed 
upon me. 
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NOTE XIX. 

PRIESTLEY describes * several experiments which he 
made on the reduction of oxide of iron^ exposed to the 
focus of a burning-glass in a vessel filled wi^h hidrogen . 
gas. From these experiments Kirwan drew an objection 
to the antiphlogistic theory : Fourcroy, in whose opinion 
I participate^ replied +, "that the hidrogen takes only 
'' that quantity of the oxigen from the oxides of iron, 
*' which they contain beyond the term of their black 
^' oxidation^ because this quantity has more affinity with 
the hidrogen thaii with the iron ; but when the reduc- 
tion has reached this pointy it stops : the latter portion 
" of oxigen combined with the iron is so much more 
'' adherent to it, that it does not tend to unite with the 
*' hidrogen." 

These observations, which are very just as to the term 
of the action of iron on water, suppose that Priestley had 

• Exper. and Obs. on diflf. Branches of Phys. Vol.1 V\ Sect. lit. 
t Essai sur le Phlogist. p. 252. 

submitted 
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iubmitted iron yery mnch oxided to the experiment^ and 
that the iron was only brought to the state of black 
o'xide : but, Ist, the iron, oxided at the commencement 
by combustion in oxigen gas, had only acquired an aug- 
mentation of about one-third of its weight, according to 
Priestley's observation ; it was similar to t^ black scoriae 
of forges, and therefore differed but little, in its state of 
oxidation, from what we call black oxide, such as it is 
obtained from the decomposition of water : 3d, Priest- 
ley says positively, that, after the action of the hidrogen 
gas, the oxide had become perfect iron : now he could not 
have been deceived in this respect if the metal had only 
passed from a state of greater oxidation to that of black 
oxide, and the detail of his experiments show clearly, 
that if the reduction was not perfectly complete, it was 
at least much farther advanced than we have supposed 
it; so that the result of this action of hidrogen must not 
be confounded with that arising from the decomposition 
of water. 



NOTE XX. 

In my observations on charcoal and the carbonated 
hidrogen gases ''^, I employed the production of an in- 
flammable gas, obtained by passing the electric spark 
into carbonic acid, as was done by Priestley and Van 
Marum : I adopted Monge's explanation without restric- 

♦ MIm. de riftstit. Tom. IV. 

tion^ 
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tion^ attributing this production wholly to the decompo- 
sition of the water ; so that^ with him^ I took this inflam- 
mable gas for hidrogen gas^ and I concluded that the di- 
minution of volume experienced by the carbonic acid wa$ 
owing to the privation of water. 

I ought to have considered^ that, in this cate^ the car^ 
bonic acid must have experienced the same effect as 
when it is exposed to a high temperature in contact with 
a metal capable of oxigeuation; but I suffered myself to 
be imposed upon by the quantity of oxigen which this 
gas seemed to absorb in its combustion^ aud which cor- 
responded to that consumed by hidrogen gas^ which is 
much more considerable than is required for oxi-carbu- 
rated hidrogen. 

Theodore de Saussure has examined the results of the 
action of the electric spark on carbonic acid * with more 
care; be has shown that the inflammable gas obtained is 
of the same species as that which is called carbonous 
gas^ and that the carbonic acid which resisted the decom* 
position did not dilate when brought into contact with 
water; but, in my opinion^ the conclusions should stop 
here. 

The results of this experiment are among those which 
are capable of a double explanation, and which, for that 
reason, are not calculated to elucidate the object under 
discussion. 

Nevertheless, analogous facts prove that th€ electric 
spark has the property of decomposing water, whose 
oxigen and hidrogen can then enter into other combina- 
tions. 

Austin exposed f the gas obtained from the ^distilla- 
tion of acetate of pot-ash to the action of the electric 

• Journ. de Phys. Tom. LlV. 
t Philos. Trans. 1790. 

spark ; 
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spark ; this is a carburated hidrogen gas^ or at least there 
can be no doabt that it resembles it greatlj^^ judging by 
the great proportion of oxigen which it requires for its 
combastioD ; he observed that^ by this operation^ the gas 
acquired a volume more than double what it had at firsts 
and he was of opinion that it afterwards required a 
greater quantity of oxigen^ andj nevertheless, that it 
gave less carbonic acid ; whence he concluded that the 
charcoal was decomposed by the action of the electric 
fluid. 

Henry has confirmed the great dilatation, but he has 
shown, by much more accurate experiments*, 1st, that 
the quantity of carbonic acid which can be obtained 'by 
the combustion of the dilated gas, is precisely the same 
as that given by a corresponding quantity of the primi- 
tive gas, and he has removed all suspicion of a decom- 
position of charcoal : 2d, that the dilated gas requires 
nearly a fourth more of oxigen for its combustion, so ' 
that hidrogen gas is evidently disengaged, which can 
only arise from the decomposition of the water: 3d, 
that this decomposition is not occasioned, m this instance, 
by the oxidation of a metal, for he was able to produce 
it when he retained the gas by means of gold ; but he 
shows that it is accompanied by the production of a little 
carbonic acid. 

He observed that the gas which had been submitted to 
the action of an alkali for several days to carry off all 
the hygrometric water, only experienced a dilatation 
equal to one-sixth of what it would have been without the 
actipn of the alkali ; but that by adding a little water it 
became similar. 

'lliese experiments prove incontestibly that the inflam- 
mable gases, which contain charcoal, may experience a 
decomposition of water, and that that which may be car- 

♦ Philos. Trans. 1791, 

ried 
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ried off by eudiomefric means is not the whole quantity 
which can contribute to this phenomenon. 

It must be observed, that the hygrometric water which 
a gas can contain at 15 degrees of the thermometer would 
scarcely exceed a milligramme in 100 cubic centimeters, 
which would only yield about the 50th of the volume of 
a gas of hidrogen gas ; and that bidrogen gas, azote gas, 
and oxigen gas, submitted separately to electricity, do 
not sensibly yield bidrogen gas, although they contain 
hygrometric water. 

The gases which contaih carbon are not the only ones 
in which the decomposition of water can be proved. 
Henry having subjected muriatic gas to the electric spark, 
pbtc^ined an inflammable gas from it, without the acid 
having suffered any decomposition * ; in this case, no 
otheir cause of the production of hidrogen gas can be 
imagined, except the decomposition of water, and no 
other species of inflammable gas but that which arises 
from it immediately, that is to say, hidrogen gas, can be 
suspected. 

Henry also Employed the most powerful eudiometric 
means to deprive the muriatic gas of all humidity ; ne- 
vertheless, 100 measures gave 6 of hidrogen gas, that is 
to say, at least three times as much as if the gas had 
been saturated with hygrometric water, and supposing 
that there was only this water capable of being decom- 
posed : it must be remarked, that the gas which had not 
been subjected to desiccation did not yield .01 more of 
bidrogen gas. 

During the disengagement of tRe hidi'ogen gas, mu- 
riate of mercury was formed, so that the two constituent 
parts of the water were equally manifested by this decom- 
position. Fluoric gas offered the same phenomena. 

♦ Philos. Trans. 1800, 
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It is therefore ascertained that gaze^us substances may 
conceal a quantity of water^ which is not that which 
produces hygrometric phenomena (1 73) : this combined 
water may be afterwards decomposed by the methods 
which favour another combination of its elements ; but it 
b probable that the affinity retains a greater or less quan« 
tity of itj according to the nature of the gas, the force 
of the electricity, and the energy of the substance with 
which the oxigen tends to combine,, and that then only 
a part of the combined water experiences a decompo* 
sition. 

This combination of non-bygrometric water cannot be 
matter of surprise to Saussure, who has proved so clearly 
that alumine can retain a tenth of its weight of it, at a 
heat which melts iron. 

If the great augmentation of volume experienced by 
the carburated hidrogen gas in the experiments of Austin 
and of Henry, is compared with the slight dilatation 
which carbonic acid undergoes when it is decomposed, 
and passes to the state of oxi-carburated hidrogen, it 
will be evident that two species of production of this gas 
by the electric spark must be distinguished, in the same 
manner as when it owes its origin to carbonic acid placed 
in contact with charcoal or an oxigenable metal (287) at 
a high temperature. 

In the first case, the combined water is decomposed, 
and its two elements concur in the formation of the ga- 
zeous substance, whence it arises that the volume is more 
than doubled : in the second, the oxigen of the water 
and part of that of tlie carbonic acid are fixed in the 
metal, and then the transformation of the carbonic acid 
is made with an augmentation of volume scarcely per- 
ceptible : the effect of the condensation of the oxigen in 
the metal nearly counterbalances that of the dilatation 
arising from the hidrogen. 

Saussure 
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Saussure has collected other interesting experiments in 
his Memoir ; he shows that when a mixture of hidrogen 
gas and carbonic acid is submitted to electricity^, water 
and the gas which I call oxi-carburated hidrogen^ are 
formed ; Clement and Desormes had produced a similar 
decomposition by passing hidrogen gas and carbonic acid 
through a red-hot tube ; Saussure observed, that when 
hidrogen was kept long in contact with carbonic acid 
gas, a similar decomposition was very slowly produced, 
accompanied b}* the formation of oxi-carburated hidrogen 
gas, so that heat and electricity only accelerate this 
elTect. 

These products of the slow action of gazeous substances 
)i£tve a remarkable similarity with those of the slow fer* 
mentations established by means of the reciprocal action 
of substances held in solution in a liquid (14)* 



NOTE XXI. 

The detonations which can be produced have relations 
with each other, and with the inflammation of combusti- 
ble substancesj^ which are worthy of examination. 

Those which are produced with facility take phice, ei- 
ther by an elevation of temperature, by compression, or 
by percussion; they are the effect of a combination 
which is produced, but since the necessary compression . 
cannot excite a degree of heat near to that which must 
be employed to cause the detonation, the eflfects which 
are produced must not be attributed to the action of heat 
alone : the approximation of the particles, which are 
near the term at which they can combine^ augments the 
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" much heated^ neither detonation nor noise was produced* 
*' This is what I had observed before with the oxigenated 
^' muriate of pot-ash, and seems to me to explain the 
manner in which the phenomena of detonation are ef- 
fected. A blow in the cold, by strongly compressing 
'' the substance, and, perhaps^ by exciting some heat, 
'* effects the semi-combustion of the phosphorus, and, 
consequently, occasions only the partial employment 
of the oxigen, of which the portion not fixed jn the 
combustible produces the noise by taking the elastic 
state: at a more elevated temperature the phenomena do 
'^ not take place in the same manner, the whole of the 
'^ oxigen is consumed at once to burn the combustible, 
^' and hence the stronger inflammation and want of de« 
^' tonaUon "• 

Without excluding the action of the 'oxigen, part of 
which is probably disengaged by the effect of the great 
heat which is suddenly excited, without entering into 
combination, it appears to me that the greatest part of the 
effect must be attributed to the dilatation eiqperienced by 
the phosphorus itself, since, as Van Mons observes, par- 
ticles of phosphorus which have not experienced combus- 
tion always escape in the percussion, and he warns us to 
be guarded against them : he also experienced that phos- 
phorus alone could detonate by being subjected to a strong 
percussion, but if all the pliosphorus enters into combi- 
nation with all the oxigen, there is, conformably to his 
observation, a much more vivid inflammation and no de- 
tonation, which is a proof that the latter requires the 
fudden production of a substance which takes the elastic 
state, agreeably to what I have asserted. 

If the detonations produced by a blow, on which Four- 
croy and Vauquelin have made some ingenious observa- 
tions *, are examined, it will be obvious that among the 

" ■ .. 
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metals^ it is those which have a disposition to volatilize, 
and consequently to be reduced to gas, which produce 
the detonations with the super-oxigenated muriate of pot- 
ash ; they are zinc, antimony and arsenic : the sulphuret 
of iron has also this property, but it owes it to the great 
proportion of sulphur which it contains. These chemists 
r-emark that the mixture of sulphur and charcoal detonates 
more strongly than sulphur alone, which must be on ac- 
count of the carbonic acid which the charcoal can form ; 
but the sulphur facilitates and commences the effect, as 
in gunpowder (314) : they observe that of these mixtures, 
those which are the most readily inflammable produce a 
brisk flame, but without detonation, by being thrown in- 
to sulphuric acid ; they very judiciously explain the diffe- 
rences of ihis effect by the combustion, which, being 
made without resistance, is unaccompanied by the effort 
produced by the disengagement of a gas in percussion. 

Compared with inflammation all the detonations are 
therefore an effect analogous to that which is procTuced 
by the simple combustion of hidrogen gas, when it burns 
quietly with the oxigen gas which is in contact with it, or 
when the mixture, previously made, detonates, by in- 
stantly forming the vapour of water raised to a high tem- 
perature, whence arises a brisk and sudden percussion : 
in tlie common combustion of charcoal the effect is suc- 
cessive, and the carbonic acid which is produced is not 
raised to so high a temperature. 

To produce detonations by percussion or by an eleva- 
tion of temperature, it is therefore necessary that ther^ be 
oxigen condensed, but retaining its caloric, and an in- 
flammable substance in combination : the conditions 
which promote this effect are, 1st, the weak adherence of 
the oxigen to the base in which it is condensed ; 2d, the 
strong tendency of the inflammable substance to combine 
with oxigen ; 3d, the great quantity of caloric which is 

excluded 
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excluded by the combination ; and 4th^ the volatility of 
the combination. 

The rapidity of the explosion also contributes greatly 
to the effects of tlie detonation^ and explains the differ 
rences found between them : a great rapidity in the effect 
of a small quantity of the produced gas causes the rupture 
of vessels which would have resisted the slower disen- 
gagement of a more considerable quantity of the elastic 
fluids and^ nevertheless^ this detonation does not produce 
a very loud report, as is observed by Howard * : a fulmi- 
nating powder capable of shattering the vessels which 
confine it, wonld have only a very slight effect if its gas 
met with but little resistance to its expansion : I was able 
to decompose seven grains of fulminating gold in a glass 
retort, which, enclosed in a very strong metallic tube, 
but much smaller, would have broken it to pieces f . An 
observation of Howard shows very clearly that this ra- 
pidity of action is a much more powerful cause of the 
effects produced in a contracted spac^, than the elevation 
of temperature which augments the dilatation of the gas ; 
he detonated a mixture of the fulminating mercurial pow- 
der, which he covered with gunpowder, but the latter 
did not detonate. 

It is this rapidity of action which constitutes the prin- 
cipal difference between the powder made with the super- 
oxigenated muriate of pot-ash and the common'powder^ 
for the quantity of gas disengaged in the detonation of 
the latter must be more considerable, considering the a- 
zote gas ; but the effect is much more rapid with the first, 
in which the oxigen passes more readily into combination ; 
for this reason it bursts fire-arms more readily, it deto- 
nates by a much slighter percussion than is required for 

• Bibl. Brit. Tom. XVI. 
t IVUm. de I'Acad. 1785. 
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ike common powder^ and by these properties^ it approxi-^ 
knated to flilminating gold^ silver^ and mercury. 

Thusthe^ranquilefiectsof the simple oxigenation^ which 
sometimes has no other indications but thosQ arising from 
the properties of the combinations which are formed^ are 
connected^ by an uninterrupted gradation^ with the most 
splendid phenomena : if the same forces which produce it 
have a greater intensity, or if their energy is assisted by 
the circumstances, oxigenation gives place to combustion, 
and this to detonation ; the mechanical e£fects of the lat- 
ter are owing to the tension of the combinations which 
form, and which is increased by all the action of the ca- 
loric set at liberty* 



NOTE XXII. 

Observations on the precipitates of metallic solutions, pre* 
sensed and read to the Institute on the 2Sd Fentose, in 
the ytar XL 

The examination of several precipitates, formed in me- 
tallic solutions by the alkalis, proves that they retain 
some of the acid, and sometimes of the precipitant em- 
ployed ; this has caused them to be classed among salts 
with a minimum of acid, according to the denomination 
of Houelle. This exact appreciation of the nature of pre- 
cipitates wad confined to a small number of those which 
had been analyzed, and the products 6f the precipitations 
continued nevertheless to be considered as pure oxides 
until the author of Researches into the Laws of Chemical 
Affinity, by applying his principles of chemical action to 

VOL. II. ' HH the 
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the ^separation effected by the alkalis ia metalfic sotatioinF^ 
determined the true nature of these precipitates. In the 
memoir which I have the honour to present to the insti* 
tute^ I purpose to add some new developments to this ap* 
plication of the theory, by extending the observations 
liitherto made to a greater number of metals: but before 
. offering mine, I shall sta^ concisely those which have 
' been previously made on Uiis subject. 

Rouclle * had discovered that severad metals were cai- 
pable of forming combinations with the acids, containing 
different qnahtities of the latter: among others, be in* 
stances mercury, which form^ two salts. with sulphuric 
acid, the o^e with an excess of acid and soluble, the other 
Insoluble, which was designated by the name of turbith,. 
and before his time had been taken for a mercurial oxide i 
antimony, the muriate of which, by affusion with water,, 
gives a precipitc^e in which muriatic acid is found ; bis* 
muth, which by treatment with mtric acid, is similar tO' 
the antimony of the preceding experiment. These and 
several other amdogous facts, determined this chemist to 
£vide the saline compounds into salts with a maximum 
and salts with a minimum of acid.. The objections of 
Baum6t to this doctrine ^^^ ^^^ prevent chemists frop* 
adopting it. Bayen supported it J by interesting experi- 
ments on the precipitates of the solutions of mercury, tb^ 
principal results of which are, 1st, that the turbith is 9 
salt with a minimum of acid, extremely littl^e soluble^ 
^d, that pot-ash and soda precipitate a salt similar to the:, 
turbith from the acid sulphate of mercury, that is to say,, 
a sulphate with a minimum of acid ; 3d, that the precipi-. 
tates^ formed in the corrosive muriate of mercury by the 
fixed alkalis, are muriates of mercury with s^minimum of 

» Mem. de V Acad.. 1754. 

t Chim. exper. et raisoiu Tom. II. 

X Jaurn. de Pbys.. 1774, 1775. 
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Hcid ; 4tb^ that nitrate of mercury also give& salts with a 
minimum of acid ; 5ih, that the precipitates obtained from 
the nitrates and corrosive muriates of mercury^ by ammo^- 
nia and lime> retain the acid and precipitant at the same 
time^ so that they then form nitrates or muriates of mer- 
cury and lime^ or ammonia. 

To the knowledge of these insoluble combioations of 
mercury^ Fourcroy has added that of the ammoniaco- 
mercurial sulphate^ the mercurio-ammoniacal sulphate^ 
and the soluble ammoniaco-mercurial muriate^ which he 
has distinguished from the mercurio-ammoniacal muriate 
observed by Bayen : the memoirs'*^ in which these salts 
are described, contain a great number of experiments oa 
the combinations of sulphuric acid with mercury, oh tlje 
precipitation of this metal from *its solutions in the sul- 
phuric, nitric, and muriatic acids, as well as on the triple 
3alts which it is capable of forming with each of these 
three acids and ammonia. They have all given a new de- 
gree of certainty to the results obtained by I^ouelle ard 
Bayen on this subject, and have greatly extended our 
knowledge of the mercurial compounds, the more so be- 
<;attse he has admitted into bh considerations that of the 
state of die oxidation of metal, which has great influence 
on the results. Several facts, however, do not appear to 
me to be in perfect accord with the theory developed by 
Fourcroy. Whatever mistrust an opinion contrary to 
that of so skilful a chemist may impress me with, I must 
indulge myself with some observations, in the hope that 
whether I have misunderstood his theory or have observed 
it inaccurately, they will induce him to point out my error. 

On treating one part of mercury .with half a part of con- 
centrated sulphuric acid and sto'pping the opera tipn at the 

4 
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moment at which there is no more mercury in the inethlli^ 
fltflite^ a mass is obtained froiii which are separated by t^ashing^ 
first an acid saltj and afterwards a neutral salt ; a sulphate 
with an excess of yellow oxide remains, on which water 
has no fuither sensible action: it appears to me that 
Fourcroy believed that mercury is at the same degree of 
oxidation in the neatral and in the acid sulphate y that iu 
both it is in a very inferior state to that ill whioh it is itk' 
the sulphate with excess of oxide; finaBy, that this l^t 
salt is developed in the sulphuric merctirial mass *, ob- 
tained by the action of the sulphuric acid on mercirry, 
only l>y a new absorption of oxigen, which he believed to 
arise from what is in solution in the water> or from the at- 
mospheric air^ 

The property possessed by the'mtiriatic acid of forming 
•a soluble salt with a greatly oxided oxide of mercury and 
an insoluble salt with a weakly oxided oxide of mercury, 
renders it very proper to show with certainty the degree 
of oxidation of this metal in it8:dijSerent combinations. I 
shall employ this mode of proof to appreciate the oxida- 
tion of the different sulphates of mercury, stfch as they 
are described by Fourcroy : I shall afterwards detail the 
experiments which prove that the three sulphates may 
exist at different degrees of oxidation, and that, conse-> 
quently, the property of being in this ot that skate of oxi-i 
dation cannot be attributed to them as a distinctive cha- 
racter : but I must observe' that, at present, I examine only 
the results of the mercurial sulphurie mass when the ope- 
ration is stopped at thenwment in which the whole of the 

• I make use of this d^nomi natron, gircn by Fourcroy to t!h« 
result of the action of th6 sulphuric acid on mercury, before 
water is poured into it, because this mass is capable of contain- 
iug different salts, according to the state to whicLit is brought, 
and as this expression does not designate any^ it is suitable to 
" every case. 

mercury 



mercury being combined^ the white mass , resulting from 
it is still covered by the acid. . 

• • • 

In this cjase the acid sulphate ^parj^ted by the first 
washings^ yields a light white precipitate with muriatic 
acid ; if after this precipitation pot-ash is poured in(o the 
ii^upt^ there is an abjuncjant orange prtecipitate. This 
sulphate i$ therefore at the same degree pf oxijdatipp at 
tliat with an excess of oxide^ Uying a^ide the small quan^ 
tity which is but little o^ided^ precipitated by the muri^ 
atic acid. The orange colour of its precipitate docis not^ 
therefore^ depend on the absorption of atmospheric 
pxigen^ which, however rapid it may be, could not take 
place urjiformly through the whole mass of a precipitate 
at the moment at which it forms. To obtain this salt 
pure, without ^ny mixture of slightly oxided ^ulphatie, the 
sulphuric miercurial mass must be dried until it disengages 
no more sulphureoqs vapours^ Then the lyater separates 
an acid sulphate from the m;^3S which is not rendered turr 
bid by muriatic acid^ and which yields an orange precis 
pitate with the alkalis. The slightly oxided neutral sulr 
phate described by Fourcroy, is completely precipitated 
white by the muriatic acid, which is conformable ^it)ii 
the black colour of the precipitate formed in this salt by 
tha alkalis, and shows that the mercury is very little oxi- 
ded in it. It is known th^t the sulphate with excess of 
oxide is completely dissolved in muriatic acid. Hence it 
should result thaf; the neutral sulphate alone should be 
slightly 03(ided, and that the two others, equally oxided^ 
should both be much more sq than the first of these 
^alt3. 

With respect to the formation of the sulphate with ex- 
cess of o^ide which is obtained by washing the sulphuric 
p3e;rcurial mass, I do not think that it can be occasioned 
by a change of oxidation, and I form my opinion on this 
ground : when thift mass is urged by the fire so as not to 
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retain any slightly oxided sulphate, itis^ neTerth^le^x 
white^ and the colour of the sulphate with excess of oxide 
is only developed by affusion of water ; now this water 
only dissolves the acid salphate which is as much oxided as 
that with an excess of oxide : it cannot be supposed that 
there is an absorption of oxigen, because even before the 
^ater had been poured on it, it was soluble, without re- 
sidue, in muriatic acid. It appears to me equally easy to ex- 
plain the formation of sulphate witR excess of oxide, when, 
instead of urging the mass by fire, that it may notcontairx 
any slightly oxided sulphate, it is only brought to the 
point prescribed by Fourcroy', that it may furnish the 
three sulphates. In this state it does not dissolve entirely 
in muriatic acid ; the greatest part forms a corrosive mer- 
curial muriate, and a small portion of mild insoluble mu« 
riate ; thus two different combinations of oxigen with 
mercury were already in existence, and when the water 
acts, it only separates them in the ratio of their affinity 
for sulphuric acid and of the solubility of the two combi- 
nations. I satisfied myself that these different degrees 
of oxidation were established in the sulphuric mercurial 
mass, and that if any change takes place in them, it can 
have no sensible influence on the results, by the follow- 
ing experiment, which 1 repeated several times with at- 
tention. I boiled three ounces (91.71 grammes) of sul- 
phuric acid with two ounces (f)1.14 gr.) of mercury until 
all the mercury was combined ; it was then transformed 
ink) a white mass, above which there was a small quan- 
tity of liquid acid. I divided the whole into two parts 
perfectly equal in weight ; on one of them I poured mu- 
riatic acid, whose action was assisted by heat ; on adding 
water there remained only a small quantity of a white 
matter on which a fresh quantity of muriatic acid did not 
produce any effect ; washed and dried, it weighed, on the 
different occasions in which 1 repeated this experiment, 

from 
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from 50 to 6a grains (2.65 to 848 graoitnes): oh;theother 
lialf of the sulphuric mercurial mass^ t boiled^ at diiferent 
times^ four litres of distilled water which I had collected ; 
muriatic acid produQed a precipitate in it which was air- 
ways of l^ss weight than that of the first half, not dis^ 
solved by the muriatic acid : all the causes which f>re- 
vent this experiment from receiving the accuracy which 
analysis requires, will be readily peiceived ; I am, how- 
ever, of opinion that there is enough to justify me in con- 
cluding that no appreciable change in the oxidation of 
the mercury takes place in the course of the washings* . 
The state of oxidation of the metal is entirely deter- 

. mined by the manner in which the operation is conducted : 
if sulphuric acid, diluted with an equal volume of water, 
is employed, the salts obtained are only slightly oxided, 
insoluble in the muriatic acid, and, give grey pre- 

. cipitates with the alkalis. I have proved that, in the mev 
thod described by Fourcroy, the oxidation of the mer- 
cury had not beep able to reach the point necessary to its 

., being totally soluble in muriatic acid, and that it was re** 
quisite to heat the mercurial sulphuric mass until no more 

. fulphureous acid was ^disengaged, that it might not con- 
tain any slightly oxided mercury. In the first case, the 

..water with which the acid is diluted, modifying the action 
which it exercises on the mercury, this is incapable of 
being oxided as much as it would hav6 been without thife 
circumstance. In the second, on the contrary, no force 
restraining the action of the acid, the fnetal is more oxid- 
ed and would wholly pass, as in the third case, to the 
highest degree of oxidation to which it can be carried by 
these means, if the operation was not stopped. 

The existence of the mercurial sulphates at different- 
degrees of oxidation depending entirely on the method of 
operation, and the action of the water made use of not 
contributing to it, it is only exercised on tlie aiad, which 
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is at first equally comlHned with all 4he nercurial oxid^j 
and of which it determines an, unequal division ; from th|$ 
division results the formation of the acid and neutral sul- 
phates^ while that of the sulphate wi^h excess of oidde 
is owing to its relative insolubility. 

The precipitate of the acid sulphate is not a pu^reoxide^ 
as is advanced by Fourcroy^ but rather^ agreeably to the 
experiments of Bayen already mentioned^ a salt with ex- 
cess of oxide^ which, according to the remark of the same 
chemist, is analogous to the tqrbith when it is much oxidr 
ed; when it is less so, it is of a grey colour: the acid is 
completely carried off by an alkali, leaving the black 
oxide of mercury free. This experiment proves that the 
sulphate with excess of o^ide can also exist at different 
degrees of oxidation. 

I shall continue to make use of the name of. salt with 
excess of oxide given by Fourcroy to the salts which 
Rouelle had named with minimum of acid, because this 
latter denomination seems to indicate a fixed term of 
combination, and I shall show that the salts with excess 
of oxide, though insoluble, are still susceptible of varia- 
tion in the proportions of their component parts. 

Vauquelin has observed* that the muriate of lead is 
capable of entering into combination with a new quantity 
of oxide of lead, and of thus forming a muriate of lead 
with excess of oxide, distinguished from the common 
muriate, principally, by the property of taking a beauti-r 
ful yellow colour by calcination ; be has ascertained the 
existence of a nitrate aqd a sulphate of lead with excess 
pf oxide. 

The precipitates of the solutions of copper, so remark-, 
able for the unexplained variations of their colours, have 
fixed the attention of Proust f: he satisfied himself tha^ 

. • Ann. de Cbim. Tom.XXXI. 
t /W. Tom. XXXII. 
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jAe green precipitates of the nitrate>' mwcis^te^ sulphate 
il^nd acetate of this metal are salts with excess of oxide 
{the proportions of which he determined : the analyses of 
several of jthese salts g^ve me results similar to- his^ 
With respect to l^he blue precipitates of the same solutipns, 
Proust considers them as a particular species of com- 
pounds fqrmed by th^ combination of water with the 
oxide of popper^ to which he gives the name of hidratc 
of copper. I shall prove in the qourse of this work that 
tjiis opiifion is not well founded^ although Chenevix has 
endeavoured to support it by facts, otl^erwise interesting* 
Klaproth has discovered,* that the precipitates formed by 
water and alcohol in the muriate of tellufium^ always re- 
tain some acid, so that they may be classed among th« 
salts with excess of oxide. 

Lavoisier f, who, of the experiments quoted, could on- 
ly be acquainted with those of Rouelle and- Bayen, pre- 
sumed that the metallic oxides retained some of the acid 
with which they were combined, and of the precipitate 
made use of in their separations from their metallic solu- 
tions. It has been since proved :{; that the chemical action 
qf metallic solutions is subject to the same laws as that 
pf other substances, unless the oxidation occasions a varia- 
tion in the affinity of the metal either for the acids, or for 
the other substances, and multiplies, as it may be said, the 
property of forming combinations, in the metals. The 
applications of this principle gives the theory of the diffe- 
rent phenomena hitherto observed in the metalHc solu-p 
tions. It more especially results from this that when a 
metallic combination is decomposed, the alkali or the a/- 

* Extrait du 3*. vol. des analyses de Klaproth. Aqd^ de 
Chim. Brumaire, An XL 

f OpUsc. phys. et chini, p. 247. 
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kaline earth employed, makes a division tf the ncid,ik 
proportion to the energy of its action, which gives rist 
to salts with the least add. If the metallic combination is 
weak, water alone is sufficient to decompose it, and salts are 
then also formed with the most or tlte least acid ; sometimes 
also the oxide divides the precipitant with the acid; some- 
times the precipitant, the acid, and the metallic oxide 
form two complex combinations, one of which is insoluble, 
and the other remains liquid. 

All the observations hitherto collected, as well as those * 
which I have jast detailed, prove the accuracy and thd 
truth of these consequences. 

I have endeavoured to estimate, as far as I was able in 
each experiment, the state of oxidation of the metal. It 
18 true I only offer comparative valuations ; but besides 
being sufficient for the interpretation of the phenomena, 
it would have been impossible, in the greatest number of 
instances, to have acquired absolute data ; for this pro- 
perty of the metals of combining with different quantities 
of oxigen, is one of the causes which contribute most to 
produce a variation in their affinity for the rfcids, as well 
as in the 'results of the combinations, and, at the same 
time, it is one of the most difficult to determine, from the 
facility with which the different degrees of oxidation suc- 
ceed each other in most of the metals. Tin, to which. I 
shall now proceed, furnishes more than one example. 

To appreciate the oxidation of tin, I made use of the 
two well known properties possessed by its solutions : the 
one is that of giving black-brown, or golden-yellow pre- 
cipitates with hidro-sulphuret of pot-ash, according as the 
metal is at the weakest or at the strongest degree of oxi- 
dation ; the intermediate shades between these indicate 
the mean degrees. The other is that of forming a black 
precipitate with the oxigenated muriate of mercury when 
the tin is but little oxided^ and a white one,, if it is more 
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WO, while^ when this metal is at a still higher degree of 
oxidatioDj its solutions do not produce any effect on the 
oxigenated muriate of mercury. 

Thu; a slightly oatided muriate of tin precipitates the 
oxigenated muriate of mercury black, and gives a pre- 
cipitate of the same colour with hidro-sulphuret of pot- 
ash. 

The crystals of muriate of tin dissolve in distilled water, 
rendering it milky, and a considerable precipitate is soon 
formed in it, if much less muriate of tin has been put In- 
to the water than is required for its saturation. The so- 
lution gives signs of licidity. 

The precipitate collected and washed with the greatest 
tcare in distilled water offered the following characters : 

A. It re-dissolves with facility in muriatic acid, and is 
precipitated black *by oxigenated muriate of mercury and 
hidro-sulphuret of pot-ash. 

B. Nitric acid diluted with water dissolves it, and pre- 
cipitates nitrate of silver. 

C. A weak solution of caustic pot-ash deprives it of its 
white colour and it takes a deep grey ; the alkali saturated 
with nitric acid, precipitates the nitrate of silver. 

'D. By distillation in an open fire, it gives some vapours 
of muriate of tin, and afterwards muriatic acid : a grey 
oxide is found in the retort. 

This precipitate is therefore a muriate of tin with excess 
of oxide, in which the metal is at the same degree of oxi- 
dation as in the acid muriate which remains in solution i 
the tr^e colour of this oxide is a deep grey. 

The separation of this muriate with excess of oxide ap«* 
pears to me to be easily explicable in this casie: It is, in 
fact, proved that the oxide of tin tends to form two com- 
binations with the muriatic acid, the one insoluble, in 
which the oxide predominates ; the other soluble, and with 
an txcen of acid. 'Rit action of water on the muriatic 

acid 
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acid favosrs the formation of this^ while the fiatani] iHsoiH 
lubiiity of the first contributes to it^ separation. 

When the quantity of muriate of tin is small compare4 
with that of the water made use of^ the water^ whose 
action is augmented by its quantity^ abstracts the acid 
. from the combination which existed^ and the muriate With 
excess of oxide separates. By adding to this solution 
iye#rly as much muriate of tin as is necessary tx> saturate 
it^ the lower part of the liquid, being in contact with th^ 
aa}^, becqroes limpid ; only that part remain9 milky in 
which the water predominates^ until the quantity of oxide 
of tin held in solution forms an equilibpum with that of 
llie water, then the insoluble muriate resumes the acid 
whicb the water had deprived it qf. In this state it ha^ 
flsQ an excess of acid like all the solutions of tin ; kept 
ip a bottle with a ground stopper^ and filled, it gives^ in a 
short time, a white precipitate, bepause the two causes 
which I have already noticed, still act, thoiigh they are 
greatly limited by the mass of oxide of tin. The separa* 
tion which takes place in this instanpe, and, in general^ 
all those which 4re produced by w&ter, without a change 
of oxidation, are therefore to be attributed to the action 
which the water exercises on the acid. 

The solutions of pot-^h, soda, ammonia, barites, stronr 
tian, and lime only take that quantity of muriatic acic^ 
from the oxide of tin, which is requisite to form a soluble 
combination, when they act in the cold, and there is no( 
an excess of these solutions poured into the muriate o( 
tin. The precipitate is not then an oxide of tin, as it is be^ 
lievedto be, but a muriate with excess of oxide similar to 

• 

the preceding : it is frequently decomposed by ablutions in 
the cold, but more certainly with heat ; the water which 
. has been employed in this decomposition reddens tumsb}er 
paper, and yields a black precipitate lyith hidro-sulphuret 
of pot-ash ; it therefore holds an acid muriate of tin in 

solution. 
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idutioh. The colour of the precipitate is changed fi-orii 
white to grey. The oxide is not, however, yet deprived of 
all the acid with which it was Combined, for by dissolving 
it in nitric acid diluted with water, it renders nitrate cff 
silver turbid. If an excess of alkali- is put into th^ 
Inuriate which is precipitated, the excess dissolves a litUe 
oxide of tin: the liquOr separated from the precipitatd, 
and saturated with muriatic acid, is precipitated brown bjr 
the hidroosulphtiret of pot-ash, imd precipitates the oxi- 
genated muriate of mercury white : but when instead of 
separating theprecipitate from the supernatant lic|uor, the 
action>of the alkali is assisted by heat, it carries off the 
acid of the precipitate, which becomes a deep grey, Bj 
suffering the alkali to act in the cold, there is only a slow 
and partial decomposition. The reagents do not indicate 
any change ill the degree of oxidation 6f the oxide, freedj 
in this manner^ from evety combination; 

Proust observed* that when muriate of tin Waii de- 
composed by pot-ash, this alkali redissolved all the 
precipitate which was formed, if a sufficient excess was 
made use of, and that, in this solution of Oxide of tin by 
po.t-ash, a sort of metallic cauliflower (choufieurmetallique) 
Was formed in a short time, which he took for revivified tin, 
after having ascertained that the portion of oxide which 
remained in solution had iio longer the power bfchianging 
corrosive sublimate. It ii knownf that pot-ash dissolves 
highly oxided tin more readily than that which is but 
little so : now, the united affinities of oxide of tin for a new 
quantity of oxigen, and of pot-ash for the metal brought 
to this state, are sufficient to destroy the uniformity of 
its oxidation. One part of the oxide forms a permanent 

• Redberch. sur TEtain. Joum. de Phys. Fruct. An. Vllf. ' 
t Obs. sur racide dc TEtain, par (Gruyton. AbftT de'Cfiiau 
Tom. XXI V. 

combination 
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combination with the alkali, by taking ozigeufroiti the othcff 
part which precipitates slowly and collects in the form of a 
metallic herborization of a black-grey colour, and which 
tfill retains a sufficiency of oxigen to be soluble in muriatic 
acid in the cold, without effervescence. This o:side has a 
metallic lustre which doubtless arises from the symmetri- 
cal arrangement of its particles. By boiling a solution of 
pot-ash on a greater quantity of the oxide precipitated 
from a muriate than it is capable of dissolving, the division 
of the oxigen takes place more quickly: the degree of 
oxidation of the metal dissolved by the alkali is raised, as 
in Proust's experiment, and that which is not dissolved is 
in the same state as that precipitated in this experi- 
ment. 

The energy with which pot-ash tends to raise the oxida- 
tion of tin by dissolving it, is such, that when only a small 
excess of alkali is put into the muriate of tin which is 
decomposed, the small quantity of oxide held in solution is 
more oxided than it was in the muriate, as is proved by 
the colour of the precipitate furnished by the oxigenated 
muriate of mercury. 

The six alkaline substances mentioned dbove, dissolve 
the oxide precipitated from the muriate of tin, in a greater 
or less quantity according to the intensity of their alkaline 
property ; none of them appeared to me to form an insolu- 
ble combination with the muriate with excess of oxide^ 
but they all formed soluble triple salts characterized as 
follows : 

The muriate of tin and pot-ash crystallized in rhomboidal 
prisms^ terminated at the two extremities by two trunca- 
tures corresponding to the great angles of the prism ; it is 
remarkable that the muriate of ammonia and tin, and that 
of tin and barites, affect exactly the same form. The 
muriate of tin and so^a, as well a$ that of tin and strontian, 

crystallize 
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crystallize in fine needles. The muriate of tin and lime 
is deliquescent, aiid crystallizable with difficulty. 

Thus the conjecture of Cit. Thenard* respecting the 
existence of muriate of ammonia and tin is vejcifi^d : it is 
probable that had he carried his experiments farther he 
would have discovered in pot-ash, soda> and the othejr 
salifiable bases the property of forming triple metallic 
salts which he,thoughtdidnot belong to them. 

The carbonates of pot-ash and soda precipitate the 
muriate of tin with a brisk effervescence which mi^t ajt 
first be attributed to the excess of acid which always accom- 
panies the solutions of tin, but it continues until the com* 
plete decomposition of the metallic salt, and the precipitate 
redissolves in the acids without the least disengagement of 
carbonic acid : by this means, therefore, a muriate 
with excess of oxide is formed, and not a carbonate of tin. 

I shall also remark on this subject, that when the muriate 
of tin is decomposed by an alkaline substance^ the first 
effect of the precipitant is not, as might be supposed^ th^t 
of saturating the excess of acid natural to this salt : on the 
contrary, however far the precipitation may be advanced, 
the liquor gives signs of acidity as long as it holds tin in 
solution. This remark, which I believe has not been made 
on any acidulous salt, proves that the acid indicated by 
the reagents, far from being considered as free, and, ia 
some respect, supjerabundantin the combination, is retain- 
ed by the affinity existing between it and the insoluble 
salt, to which it communicates the property of dissolving in 
water. The action of an alkali on the solution of a similar 
salt, is therefore confined to depriving the salt with excess of 
oxide of the acid which held it in solution^ and this preci- 

■ • 

* Not. sur les differ, comb, du cobalt avec Tox; -suivie de 
plusieurs obs. sur les lels amraonlac. metal. Ann, de Chim. 
Flor. An. X. "^ ' . 

pitates 
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piutes in proportion as it is freed from tbe qdaniitjr of irei4 ^ 
which rendered it soluble. -y-c 

I have verified this observation in the other salts of tin -- 
bf whieh I shall speak^ in those of lead and in several '- 
combinations of iron and copper ; I believe it may be 
extended to all the metallic solations which reqaire an * 
iexce^lsof acid, ory in general, to substances \i^hich can form - 
two species of compoxinds with the acids, the one soluble, , 
and which still retains add characters ; the other insoluble, ' 
and in virhich the acid, from being in a smaller quantity, is^ - 
irompletely neutralized. 

The strong affinity of tin for oxigen renders its solution iii 
nitric acid very difficult. Pelletier 6as proved that the . 
salt obtained by Bayen, by treating tin with the concen- 
trated acid, and which he named stanno-fniroussaUjii' 
nitrate of ammonia, and does not contain the meld. '^ - -^ 

This observation, added to those which follow, seems to '". 
tne also to destroy the opinion of Cit. Thenard*, on the * 
solution off highly oxided tin in nitric acid, by the aidt>f ' 
ammonia. -... .i . 

Bayen, however, succeeded in dissolving a small quantity - ^ 
of tin, by Kunckel's process, described by Rouelle. By-* 
employing nitric acid dilift^d with water, and by operating* ' 
with heat, a^s was done by Cit. Guyton, the acid and thi 
water are decohlposed ; gazeous o:ride of azote and nitrate - 
of ammonia are obtained, and the tin, being too strongly * 
oxided, is not dissolved. Proust in his Inquiries- c^neern*' ' 
ing Tint, has indicated the process by which he succeeded * 
best in forming nitrate of tin. It consists in using nitric 
acid of 15o. ; in plunging the vesselin which thesolutfdri' 
is made into cold water, to moderate the heat which i* - 
produced ; and, inputting in the metal by small portions,- ' , 



■". >. 
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t Jouro. d% Phys. Fruct. A». VIII. 
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A solution of tin is ottainedof ayelloMvish colour, containing 
ammonia, and in which the tin is not more oxided than 
in the muriate, since, like this, it precipitates the oxige- 
nated muriate of mercury, black : this solution yields a white 
precipitate spontaneously, which is much increased by heat- 
ing it, and all the metal may be precipitated from it in this 
manner, without a crystallization being obtained. The 
precipitate which Proust took for oxide of tin is a nitrate 
with excess of oxide, ^from which pot-ash carries off the 
acid and causes the oi^ide to reappear of the grey colour 
which is natural to it: it also resumes it in distillation, and 
exhales ammonical vapours. A solution which has the same 
properties as these, is formed by dissolving the oxide 
precipitated from the muriate of tin, in nitric acid diluted 
with water. The alkalis separate a nitrate with excess of 
oxide from both these solutions, similar to that which 
precipitates spontaneously. The white oxide, formed by 
the rapid action of nitric acid on tin, does not give any 
indication of solution in this acid; the alkalis dissolve it 
abundantly and without changing its colour. When this 
solution is a little concentrated, it takes a gelatinous con- 
sistence suchas is observed in the oxide which is separated 
from the nitro-muriate of tin. Distillation gives a yellow 
tinge to this oxide, but does not disengage either nitric 
acid, nitrous vapours, or ammonia. This oxide is very 
little soluble in the acids, and greatly so in the alkalis, 
while the slightly oxided oxide combines in a manner 
directly the reverse. 

The sulphuric acid, whether diluted in water, or concen- 
trated, only oxidates tin with difficulty, and consequently 
dissolves but a small quantity ; but if concentrated sulphu- 
ric acid is poured into muriate of tin, a little diluted with 
water, the muriatic acid is disengaged, and a white fioccu- 
lent precipitate is formed, which redissolves in the water, 
although its comparative insolubility had detecmined its 

VOL, II. II precipitation* 
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precipitation. By evaporating this solution of sulphate of 
tin slowly^ it crystallizes in long^ very slendier prisms^ which 
increase inevery direction. The oxidation of then^etal is 
not varied in this operation^ and^ as in the muriatic solutions^ 
it yields black precipitates with hidro-snlphuret of poUash 
and oxigenated muriate of mercury . The precipitate formed 
by the alkalis^ well washed and redissolved in muriatic 
acid^ precipitates muriate of barites. By the assistance 
of heat^ the alkalis t^ke a portion of its acid from it ; its 
whiteness tarnishes^ but the oxide of tin seems to retain 
the acid too strongly for the alkali to be capable of depriving 
it entirely of it ; it blackens in the fire^ emitting some 
sulphureous vapours : this precipitate is therefore proved 
to be a sulphate with excess of oxide. By heating this 
sulphate of tin strongly with sulphuric acid^ the acid is 
decomposed by the slightly oxided tin^ and sulphureous 
acid is disengaged. The oxigenated sulphate of tin which 
forms, no longer changes the oxigenated muriate of mer^ 
cury ; it is precipitated yellow by the hidro-snlphuret of 
pot-ash ; it is not susceptible of crystallizing, but, by 
l^ing brought to the consistence of syrup it forms, on cool- 
ing, a mass of a vitreous appearance arid yellow colour^ 
deliquescent and soluble in water, which separates a part of 
the oxide. I obtained this precipitate in too small a quanti- 
ty to ascertain whether it retained any acid : I did not find 
any in that formed by the alkalis, and, from the weak 
affinity of the acids for highly oxided tin, I presume that this 
was the case with the first. 

With the alkalis, the acetate of tin gave an acetate with 
excess of oxide, white, insoluble, decomposable in the 
heat by the alkalis, and whose grey oxide is at the same 
decree as that of the muriate. 

The most ready method of obtaining a solution of tin in 
acetic acid is to decompose acetate of lead by muriate of 
tin. In this process, employed by Hausman in the opera- 
tion 
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tion of dyeing, besides the acetate of tin which remams in 
solution and the muriate of lead which precipitates, a triple 
sajlt of tin and lead is fonned whenever more muriate of tin 
is put in to the mixture than the acetate of lead can decom- 
pose. The tolution of this salt contains much more lead 
than that of the muriate of this metal, as is proved by the 
precipitation of . equal volumes of these two saturated 
solutions by i^ulphunc acid. It crystallizes in thin platesi 
of a thilky white, pearly, having a resemblance to mica. 
These laminae have so little consistence that on decanting 
the liquid in which they are cry stallized, they stick to each 
other, and are blended without preserving any form. This 
salt, with two metallic bases may also be formed by the 
direct combination of muriatic acid with a mixture of the 
two metals, or of their oxides, and by digesting muriate of 
tin on an oxide of lead. The muriate of tin and lead, ob- 
tained in these different processes, has always an excess 
of acid. 

I have said above that the inquiries of CitizenVauquelin, 
respecting the decomposition of muriate of soda by oxide 
of lead, have occasioned the examination of the muriate, 
sulphate, and nitrate of lead with excess of oxide: to these 
salts I add the acetate with excess of oxide which is scpa- 
.rated by precipitating the acetate, and, which is complete- 
ly deprived of acid by the action of the alkalis assisted by 
that of heat, leaving a red oxide of lead disengaged from 
every combination. 

I conclude this first menioir by collecting the conse- 
quences which appear to me to.be derived from the 
observations I have made. 1st. The existence of sulphates 
of mercury, at different degrees of acidity, results from 
the action of the water employed in the washings: the 
o idation of the metal in these divers combinations does 
not receive any modification from it, and isonly determined 
by the manner of operating, which renders the action of 
the acid more or less powerful. 2d, The separations 

11 2 produced 
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produced by the water in the metallic combinsttidtili 
without a variation in the oxidation of the metal^ are owing 
to the action of the water on the acids. Sd. The excels off 
acid indicated by the re«agents in certain salts^ is the cause 
of their solubility, and when it combines with a substance 
which has more affinity for it than the insoluble salt^ havcf^ 
this separates. 4th. The property of metals, of forming- 
triple salts, is not limited to those resulting from the union 
of the same acid with a metal and an alkali ; it appears to 
extend to the results of the combination of one acid with 
two different metals. 5th. Finally, the precipitates formed 
by the alkalis in thesolutionsof tin and leadj, are salts with 
excess of oxide< 



Continuation of Observations on the Precipitates of Metallic 
Solutions, read at the Sitting of the I2th Floreal. 

1 mentioned in my first memoit that the green preci* 
t>itates of copper, that is to say, those which are always 
obtained when the metal held in solution is nob complete- 
ly precipitated, have been considered by Proust* as 
salts with excess of oxide, the proportions of which he 
has determined. He has observed, that as soon as they 
approach the term of complete precipitation, the preci- 
pitate acquires a blue tint, which grows deeper, by ad- 
ding an excess of alkali ; and that this precipitate, al- 
ready distinguished from the first by its colour, differs 
from it also by the following properties : 

*^ It has not the pulverulence of the green prerci pi tates, 
'^ but a consistence which resembles that of Prussian 
''blue." 

* Ann. de Chim. Tom. XXXII. 
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'^ By heating it in fine powder, spread on paper, it changes 
^*' colour slowly, Iqses water, and is converted into black 
''oxide. The degree of heat is hot, however, sufficient 

to burn the paper." * 

Dry, it is uncha^)geable ; but kept under water, it ■ 

grows darker, is gradually decomposed, and finishes by 

becoming only black ox^de, after, having diminished in 
''volume. The solar light accelerates this decompo^ir 
" tion." * 

^^ By distillation, 100 parts of this precipitate yield 24 
" of water, 75 of black oxide, and about I of carbonic 
"acid." 

'• The acids dissolve it without effervescence.'* 

" Thrown into saturated solutions of the sulphate, nir 
" trate, nnd muriate of copper, it resumes b sufficiency of 
" acid to be converted into the green 3ulphate, nitrate^ 
" and muriate with excess of oxide." 

From all thesp properties, Proust concludes that this 
substance is composed of water and oxide alone ; he conr 
^equently called it hidrate of copper. He endeavours^ 
by proofs which I shall refute, to remove every suspicion 
as to fhe presence of acids and alkalis in these precipi- 
tates, Tb^ ei^periments wl)ich I am about tp detail seem 
to me to prove that they pon^tantly retain some acid ; 
that it is to this principle that they owe their colour; and, 
that they only differ fjfom those which are green, by con- 
taining a smaller quantity of lU Thus they enter into the 
class of salts with excess of oxide. 

To ascertain whether the precipitate formed in the suU 
phate of copper by pot-ash retained any acid, I washed 
it wiih great care, and dried it slowly, for it is decomposed 
by a very slight heat; 100 parts dissolved in muriatic acid 
gave a precipitate of 23 parts with muriate of barites, 
which indicates seven parts of sulphuric aci3. If pot-ash * 
is ^iges^d oi|[ the blue precipitate it loses. its co]our. 

The 
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The alkali, salofaied with Bivriatic acid, vidA a prooi- 
pitate with nrariale of bavkea of the same weight as the 
preccdio^. The blade ovide which remains weighs 72 
• •parts. The blae precipitate, analyzed by this means, 
gi?estbe following results; 0.72 oxide of copper, 0.07 
anlpharic add, ranaiBi for the water O.Sl. By ccmh- 
paring these results with those given by Proust, for the 
green sulphate with excess of oxide, that is to say, 0.G8 
oxide, 0.18 acid, and 0.1 4 water, it will be seen that the 
first of these salts i^ontains less acid, more oxide, and 
more water than the latter. 

Toe differences observed between the analysis of the 
blae sulphate with excess of oxide, made by Proust, and 
that which I oflfer, may be attributed to those of the me- 
thods which we employed. Nevertheless, by following 
his, I found no greater agreement with his results. To 
make this analysis, Proust distilled lOO parts, of this salt, 
from which he obtained 0.75 oxide, 0.24 water, and 0.01 
carbonic acid : on repeating this experiment, I obtained 
nearly the same quantity of sulphuric acid, when I per* 
formed it with a gentle heat, the water which came over 
was not sensibly acid, but the solution of the black oxide 
in muriatic acid, precipitated the muriate of barites. At 
other times, I employed a heat capable of disoxidating 
the copper in part, then the last portion of the water 
which parsed reddened turnsole-paper strongly, and the 
copper redissolved, gave also a slight precipitate with ma* 
riate of barites. 

Finallv, an observation of Proust himself adds to the 
evidence of the proofs which I have just given of the ex- 
istence of the acid in these precipitates. He observes that 
they are slowly decomposed under water ; this decompo* 
sition, accelerated by light, is stiil more so by heat. 
Thus on botUog two litres of water on 60 grammes of the 
blue sulphate, witli excess of oxide, it will be seen that 

its 
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ks colour soon tarnishes^ and passes to black* Tbe watec 
does not give marks of acidity with the test paper.Sj it, 
however^ precipitates the muriate of barites abuadantly. 
Concentrated in a retort^ and brought to about -^ of itf , 
volume^ it reddens turnsole paper. On urging the evapo- 
ration still farther^ the acid concentrates ; it reaches the 
point at which it produces the same sensation on the 
tongue as the sulphuric acid of commerce ; and by coii* 
tinuing the heat^ it exhales in white vapours^ exhctly sir 
milar to those of sulphuric acid. There remains a black 
spot at the bottom of the evaporating bason, arising i^p 
doubt from a smsdl quantity of vegetable matter, separated 
from the fiUre by the water, and on which the sulphuric 
acid had exercised its action: finally, tjlis evaporation 
conducted slowly, and stopped at the periods most fa- 
vourable for crystallization, did not give any salt. Th^ 
boiling wskter, therefore, by depriving this precipitate 9/ 
its bloe colour, only carries off its sulphuric acid. 

The decomposition of the blue sulphate with excess qf 
oxide is never complete by this process, however often t}^^ 
aUutions in boiling water may be repealed. It loses its 
•blue colour by the first ebullition, and appears brown, but 
it becomes a bluish grey as it dries. In ^he subsequent 
* washings it turns more and more to brown, and tbe water 
■"always acquires the property of precipitating muriate of 
barites. 

I boiled five YittBs of water on 69 grammes of blue sul- 
phate with excess of oxide, in five portions; th^ water of 
the last precipitated muriate of barites, as I have.meq- 
tioned, and the residue, dissolved in muriatic s^ii, ,^8o 
gave a precipitate with this reagent. 

The blue precipitates of the nitrate and mpriate.of cop- 
per, exposed on burning coals, exhaled vapours, which, 
as well as those disengaged by the action of conceptrateil 
sulphuric acid on the same precipitates, indicated the 

' :' • .presence 
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presence of the nitric and muriatic acids. To show that 
the latter acid is contained in the blue precipitate of mv^ 
riate of copper^ it is sufficient to observe that if it is dis^ 
solved in nitric acid^ the solution will precipitate that of 
silver. 

If these experiments establish^ as it appears to me they 
do, that these precipitates contain acid, they also destroy 
the objections which Proust opposes to this opinion. I 
believe they render it unnecessary for me to refute those 
•which he deduces, hecanse pot-asA, which does not spare 
the carbonic acid of the metallic carbonates, even when it 
i$ not entireiy caustic, will not, for a stronger reason, ad^ 
mit of any of the other acids, and becavse it seizes all the 
acids which it mrets with, with extreme avidity. 

It might be supposed that these precipitates, besides 
the acid, retain a part of the alkali employed to separate 
them, and it may be found that Proust's analysis, which 
he adduces in opposition to this opinion^ is not sufficient 
to show its falsity ; but it seems to me that if^ for example^ 
the blue sulphate with excess of oxide had contained anjr 
alkali, the water must have separated a sulphate which 
would have crystallized during the evaporation. The 
bloc nitrate, with excess of oxide, urged by fire in a 
crucible with a little charcoal, did not give any trace cf 
an alkali. These experiments confirm the assertion of 

Proust. 

Chenevix, in admitting the hidrate of copper, has en- 
deavoured to support it by several experiments, inserted 
"in a memoir* on the analysis of the arseniates of copper 
imd iron. The name of the author, and the nature of the 
proofs he brings, migjit yet occasion doubts if they were 
not refuted in a convincing manner. 

Although struck with the impropriety of the deiMHnina- 
tionof hid rate of copper, given to the blue precipitate of 

■ ■ ■•■ -■ .•■ ■ .•.■.'■ 

• Philos. Trans. 1802. 

this 



tiifsnaelal^ Cbe^^vix adopUiU He himself blendjf the 
blue aad green precipitates under this name^ without at« 
tending to the saliae nature of the latter, which has beei| 
well determioed bj Proust. He believes that the blue 
and green colours of the solutions of copper are owing, 
like those of their precipitates, to the combination of 
water and oxide of coppec; whence it results, according 
jto him, that these coloured solutions are not combinatipus 
of aeid and oxide of copper, but of acid with the hidrate, 
ar with the oxide united to the quantity of water requisite 
for it to^pass to the state of hidrate : sp.that to give an 
exact idea of the compositbn of the salts of copper, |ie 
■directs^ the quantity of acid, the quantity of water of 
crystallization, the quantity of oxide, ,^nd that of the 

.:> water which constitutes it a hidrate, to be specified. 
• Pr^>ceeding on this idea^ Chenevix affirms that if sid* 
phuric acid diluted with water is poured, on the brown oor- 

'ide oj copper, a salt i$ obtained which exceeds, by 9Aper 

,<eni,Jhe quantity which would have been obtained by tm^ 
ployifig the green precipitate : he explains this by saying, 
that the first operation of the oxide is to take the quantify of 

'- water which is necessary for it to become a hidrate, and that 

^the combination of the sulphuric acid takes place, not with 

rthe oxide, but with the hidrate, 

^ An attentive examination of the. results of this experi- 
ment inspires me with some doubts as to its perfect accu- 
racy : lOQ parts of ^ hidrate of copper, according to the 

-dalA of Proust, adopted by Chenevix, contain 75 of black 
ioxide of copper. Now, 75of€ndde of copper/orQ^.£35of 
sulphate of copper^, and 100 parts of oxide, 31,3 of sul- 
phate. The dtfiierence of these products is 7S : the 25 
parts of water combined it^ihe first instance . in. the pre- 
tended hidrate> being found in both these, prpducts,, their 

* Ano. dc Cbim. Tom. XXXII. 

i- » real 
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real difference is only 78 — ^95 or 53. ButChenevix,in-* 
stead of making use of the blue sulphate with excess of 
oxide^ says expressly that he employed the green sub- 
stance, in which the latter chemist discovered only 68 of 
black oxide, and which, consequently, would only have 
given 213 parts of sulphate of copper. The difference 
between the quantities of this salt produced by the combi- 
nation of sulphuric acid with 100 parts of oxide, or with 
100 parts of green sulphate with excess of oxide, is there- 
fore 100 parts, minus 32 of water and acid combined with 
the oxide, of which the green substance is precisely 68 
parts of sulphate of copper, and not 24, as is said by Che- 
nevix. It is probable that, relying on the theory which 
he had formed, he gave but little attention to this expe- 
rim nt; which, even supposing that it was exact, does 
not disprove the existence of the acid in these precipi- 
tates, nor does it in any manner demonstrate the nature 
of the hid rate, such as it is supposed by Proust. 

Chenevix observed that the muriate of copper, g^^f^fy 
concentrated, changed its bluish-green colour into a fine 
brown, which, by cooling or by the affusion of water, re*- 
iujucd its primitive colour, and he draws a conclusion from 
this I'act in fuvonr of his theory, by saying that the brown 
liquor zs a solulion of muriate of copper, while the green 
liquor, like all the blue or green solutions of copper, is a 
comhination of muriatic acid with hidrate of copper, or 
a muriate of hidrate of copper. He also acknowledges 
that ho was unable to produce these changes of colour as 
often as lie wished. Every thing which I have hitherto 
said seems to me to destroy the theoretic consequences 
deduced from this phenomenon; but since its true causes 
have not b en pointed out, and they are not devoid of in- 
terest, 1 shall give some explanation of them. 

C)ii concentrating a solution of green muriate of copper, 
its colour grows darker, and becomes so intense; that it 

appears 
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appears nearly black. I^evcrtheless, on agitating the li- 
quid in the evaporating capsule, the edges which it im- 
pregnates are tinged of a deep bottle-green if the vessel \% 
of glass, and of a yellow-green if it is porcelain. The so- 
lution does not experience any change : water does no.l 
render it turbid, it only brightens its tint, and if it is in 
suf&cient; quantity, brings it to a very pale bluish-green 
colour. I therefore am of opinion th^itlbe author of the 
analysis of the arseniates of copper and of iron did not 
indicate correctly the colour he obtained in the experi- 
ment which he relates. / 

Whenever a solution of copper is really brown, water 
occasions very remarkable changes in it. It produces a 
white precipitate in it, and on putting but a «mall quan- 
tity of water into it, the liquor retains only a bluish tint 
of little intensity. In, this precipitate the slightly oxided 
white muriate of copper, described by Proust*, will be 
readily recognized : the blue colour of the liquor shows 
that it holds a more oxided muriate of copper in solution. 
The circumstances in which the muriatic solutions of cop- 
per become brown, furnishes the theory of the separation 
of these two differently oxided muriates, produced by the 
water. 

If copper is treated with muriatic acid in closed vessels, 
the solution is without colour; water precipitates the 
metal completely in the form of white muriate. By ex- 
posure to the air this solution takes, at first, a light tawny 
colour, which becomes brown, and will pass to green if 
ills left for a sufficient length of time. When it is brown, 
water acts upon it in the manner I have mentioned above. 
According to Proust, copper scales contain about 27 per 
cent, of metillic copper, the rest is oxided to 25 per cent. 
If, therefore, concentrated muriatic acid is poured on 

• Recberch. sur I'Etain. Joum. de Phyj. 1800. 
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them, there is an effervescencej and a production of heatj, 
and the solution is almost instantaneously of a very d^f^p 
brown. 

Tb^ chemist whom I have just cited has made known 
|he property possessed by the muriate of tin of partly disr 
oxidating the muriate of copper, and causing it to pass 
to the state of white mur4atej little oxided and insoluble. 
By mixing a sufficient quantity of solution of tip with the 
muriate of copper^ all the copper may he separated iu 
this manner*. If the solution of tin is only, poured drop 
by drop into the muriate of copper^ the white muriate 
formed by each drop, is redissolved by agitation : the co- 
lour of the liquor becomes a deeper and deeper green^ and 
iSnally, before the precipitate is permanent, has acquire^ 
an intense brown colour without any mixture of green. 
The action of water on the muriate of copper, brought to 
this state, is the same as on the other brown solutions. 

The different modes of producing a brown muriatic so- 
lution qf popper show that the metal is in an intermediate 
state of oxidation, greater than in the white muriate, and 
below the green muriate, in which the metal appears to be 
combined with all the oxigen which it can saturate. Water 
poured into a brown solution of copper, at first • takes acid 
from the metal, and determines a new order of combina- 
tion between the oxigen and it : a part of the metal is, at 
once, deprived of the acid necessary for its solution and 
of the oxigen which is superfluous in the formation of the 
white muriate; the other part of the copper remains in 
solution combined with the oxigen, which constitutes tHe 
difference of the state of the metql, iq the white muriate, 
-from that in which it was when it formed a brown solu- 
tion; thus super-oxided, it gives the green colour to it^ 

• Recherch. sur TEtain. JourD. de Pbys. 1800. 
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stilution, which allihose have in which the copper i»ojt* 
icled to 25 per cent. 

The division of acid which takes place occurs in too 
many instances to leave any doubt as to- admitting it. The ' 
precipitation of white muriate, observed by Proust, wh^a 
water is poured into a sligfatlyoxided muriate of copper, 
whose acid is saturated with oxide, is also owing to it. 
Aa excess of acid redisdolves the precipitate and deprives 
the water of the faculty of reproducing it: the white pre- 
cipitate is therefore a muriate but little oxided> with ex- 
cess of oxide. I have related several analogous facts. 

Although the circumstances in which the brown soJa- 
tions of copper are formed determine the state of oxida 
tibh of the metal, and the brown colour of these solutions 
shows that they are not a mixture of two solutions of cop- 
per, 'one little oxided and without colour, the other greea 
and greatly oxided, there may be some hesitation at first 
in admitting the division of the oxidation as instantaneous- 
ly produced and resulting from the aqtion of the water on 
the acid ; but though these doubts appear to i^ to have 
but little ibundation, I am of opinion that they will be re^ 
mov^d by its approximation to several similar phenomena* 
of this description are the division which takes place in 
the oxidation of slightly oxided tin, dissolved in pot-ash; 
that produced by sulphuric acid in the white muriate of ' 
copper with excess of oxide, from which it results that the 
copper being uniformly oxided at l6per cent, apart of the 
metal is completely revivified, while the other, brought 
to 25 per cent, of oxidation, is dissolved by the sulphuric 
acid* ; and that which, according to Chenevix, is pro- 
duced in the same manner on copper oxided to Ij-j-per 
cent, by jphosphoric acid. 

From what I have nbw advanced both on the solutions 

of copper and on their precipitates, tt results, 1st, l^at 

-I . ■ . • 

• Proust, Journ. de Phys. 1800. 
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the blue precipitates are salts with ejtcess of okide^ eoii-i 
taining less acid than the green salts with exce^ of oxide : 
the water which enters into their composition is no other- 
wise combioed than in other saline combinations. t6. 
That the copper is not limited in its combinations to the 
two degrees of ojcidation determined by Proust : it takes 
others^ whioh readily return to the two extrenies. This 
opinion^ in opposition to his doctHne^ is conformable to 
what takes place with several other metals^ and particu- 
larly witli tin, in which I may point out four diiferent 
states ; that in which its solution does not change that of 
oxigenated muriate of mercury ; that in which it p»:ecipi- 
tates it black, and in which the oxide is grey ; finally, that 
to wliich this latter oxide passes when, being partly dis- 
oxidated by the action of pot-ash, it acquires a sort of me- 
tallic lustre*. I do not, however^ assert that each of 
these states indicates a constant degree of oxidation. Sd, 
It also results, that the white precipitate formed by water 
in the slightly oxided muriate of copper, is a slightly 
oxided muriate with excess of oxide. According to Proust, 
this salt loses acid by the action of boiling water; it be- 
comes brown, and, in this state, it appears to me to be, 
to the white muriate with excess of oxide, nearly like what 
the blue salts with excess of oxide are to the green salts 
with excess of oxide. 

It appears to me that it would be more difficult to show 
the differences between the blue and green solutions of 
copper than those of the uncoloured solutions and the 
brown. It might be believed at first that they are equally 

• Though probably, from an oversight in printing the work, tjbere 
arc but three states of oxidation specified heie, a reference to 
puge 474, will show that this intelligent young chemist had ob- 
served a fourth state, in which it precipitates the oxigenated 
muriate of mercury white. T. 

produced 



prodttced by t^Mktrof the oxidation, for thft solutions in 
which the copper is mo3t oxided, such as the oxigenated 
sulphate, nitrate^ and muriate, are constantly of a blue co- 
lour, and those in which the metal may be supposed to be 
least oxided, as in the muriate and acetate, are most com-» 
monly of a gr'ceu cblour ; but on making the latter solu- 
tions with the oxide precipitated from the first, their co- 
lour is still green. Some solutions of copper take some* 
times one and sometimes the other of these colours: 
» blu6 crystals are sometimes observed to form in the midst 
of a green solution : whatever their colour may be> these 
solutions have always an excess of acid. 

The facility with which the oxidation of copper varie{5> 
which seems to me to determine the difference between 
the white, brown and green colours of these solutions, 
and not to have any influence on those which are coloured 
blue or green, also explains the utility of this metal in the 
reserves (Fr.) employed in the art of printing on linen. 
The name of reserves is given to the compositions intended 
to. pre vent those parts of the stuff, on which it is applied^ 
from being coloured in the indigo vat, made by means of 
sulphate of iron andlime. The receipts, more or less loaded 
with useless articles, which are followed in manufactories, 
all prescribe verdigris and sulphuric acid, or sulphate 
copper. Although the advantage of these solutions df 
of copper is well known in the reserves, yet as this metal 
- fixes certain colouring principle, its application on linen is 
attended with inconvenience when the blue dye is to be 
followed by some operations of dyeing : it would therefore 
be of importance to find asubstitute for it in these circum- 
stances^ The known properties of sulphate of zinc, and in 
particular that of not acting as a mordant, seemed lo 
rende it fit for this purpose, which, however, it accom* 
plished very imperfectly. Ifthree specimens ar6 put iritd the 
indigo-vat, of which one has not received any; preparation, 

another 
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another has been impregnated with sulphate of zinc, and 
the third with sulphate ofcopper : the first comes out green ; 
washed and exposed to the air, it takes a blue whose inten- 
s'ty depends on the strength of the vat and on the tim6 it 
has been in it: the second also comes out green, but 
washing carries off almost all the disoxidated indigo on its 
surface, and it retains only a faint tinge of blue : finally^ the 
third comes blue out of the vat^ and becomes white by 
washing. It is evident that the sulphate of zinc, decompos- 
ed by the lime which held the disoxidated indigo in solution, 
is able to preserve the linen, in a great degree, from the 
contact of the dissolved indigo, anc^ that the effect is more 
complete with sulphate of cc^per, because, at the instant 
at which the decomposition of this salt takes place, the 
indigo precipitated from its solution is oxidated at the 
expense of the oxide of copper, and thus is unable to fix 
on the cloth. This observation shows the importance of 
only employing sulphate of iron very free from sulphate of 
copper, to raise the vats either for deep blues (bleus cuvSs) 
or for pale blues (bleusjayances). 

Prousty whom the interest of science has rendered so 
severe towards others, will perceive in the contradiction 
I offer him, only a motive similar to his own. It appears 
to me that he was in error in advancing ihsiipot-ask, either 
saturated or caustic^ dissolves hidrate of copper : saturat- 
ed pot-ash, or the carbonate of pot-ash alone has this 
property ; this carbonate forms a triple salt with oxide of 
copper, the crystallization, properties, and proportions of 
which have been described By Chenevix*. With respect 
to the caustic pot-ash, Vauquelin had shownf , previous 
to Proust's work, that it could not dissolve the oxide of 
copper, at least at the degree of its oxidation in the green 
muriate, nitrate, and sulphate of copper. The analysis of 

• Philoi. Trans. 1802. 
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'4>rafts also gave Lim nn opportunity of ascertaining that 
the iWue and green colours are accidentally coniiDunicated 
to the oxide of copper, which is naturally brown. 

Most of the solutions of iron gave uie salts with excess 
•of oxide cither by the action of the til kalis, or by that of 
•water, or by spontaneous precipitation. To satisfy my- 
self as to the nature of these precipilatcs, I emploj^ed 
processes analogous to those which I have already de- 
scribed, and tliese experiments are so simple that I need 
not dwell upon the details of them. In general, the pre- 
oijMtates of the very oxided sulphates, like those of the red 
«ttlphate, the nitrate made very rapidly, and the greatly 
oxided oxalate, do not retain any acid, or only a very 
small quantity : the precipitates of the slightly oxided sul- 
phates, on tlie contrary, are almost always salts with ex- 
<?ess of oxide. In the first, the red colour of the oxide 
predominates; the second are coloured with different 
shades-of yeUow, Pot-ash carries off the acid from these 
salts, anddeprives them of their colour, leaving the black 
oxide, of -iron at liberty in the latter, and the red oxi^le in 
the first : the colour of the precipitates cannot, therefore, 
l>e depended upon in judging of the state of oxidation of 
the metal in these solutions. The green sulphate of iron, 
.or still better, the slightly oxided acetate formed by the 
decomposition of acetate of lead by si;l[>hate of iron, is 
■employed in the fabrication of pcncrlkd linens to obtain 
the colour called yellow rust of (Jaune de ronille). The 
«alt, with excess of oxide, which forms on the cloth, has 
an agreeable yellow which is tarnif-hcd by the contact of 
alkalis turning grey ; it afterwards becomes red by C2^r . 
prwure to the air : the cause of this efF?ct of the alkali is, 
that the black oxide, deprived b}' it of part of the acid 
which it saturates, appears then in its natural colour, 
which turns red as the metal oxidates by the air. The 
cliange of the yellow colour of the spots of iron-mould 
VOL. u. KK by 
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bv the action of very concentrated leys, is therefor© 
not to be attributed to dis-o5^idation, as was thougfat by 
Roard*. 

A\'hat precedes shows that the quantity of acid retained 
bythe metal modifies the shades and assists the state of 
the oxidation of the iron, whose influence indyeing yellow" 
has been so well made known by Chaptal-t-. 

The oxahite of iron observed by Bergman is an oxalate 
with excess of oxide in which the oxide is black. By causing 
the oxalic acid to act on iron-filings, an oxalate with excess 
of oxide is formed and a solution of iron obtained, which, 
however the operation may be prolonged^ is always acid. 
This acidulous oxalate of iroJi crystallizes in flat rhom- 
boidal prisms, unalterable ly the air. If oxide of iron, 
recently precioita'ed from ti slightly abided solution, is 
put into oxalic acid, mucli ^x^iiate with excess of oxide is 
formed, and when onlv the quantity of oxide which is 
nearly requisite to sa' iiiate the acidis made use of, a soluble 
neutral oxalate of iron is obtained, whose crystals are formed 
of two quadrangular pyiamids placed base to base, and of 
which all the summits arc truncated. The acidulous oxalate 
of pot-ash, digested witii iron-filings, produces a triple salt 
described by Roard ; but if the quantity of iron is greater 
than can be dissolved by the acid which is discoverable by 
re-agents in the acidulous oxalate of pot-asli, the iron 
continues to abstract the acid from the pot-ash in the ratio 
of its mass, and the liquor gives indications of alkahnity. 
Filtered and evaporated, the free alkali, whose action is no 
longer opposed by that of the iron, in its turn, takes the 
acid from the dissolved metal : oxide of iron is precipitat- 
ed ; the liquor becomes neutral, and, by cooling, yields 
crystals of oxalate of pot-ash and iron, formed of green 
lamina* placed on each other. 

• Ann. do Chim. Tom. XL. 
t Mem. de I'lnstit. Tom. III. 
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Tlie facts collected in these two mAnoirs^ independently 
of the particular inferencee which [ have drawn from 
•several of them, prove the generality of this principle* 
when a metallic combination is decomposed, adiviMon of 
the acid is made, in proportion to the energy of the sub« 
stance employed ; hence arise the salts with excess of oxide. 
As in the other chemical phenomena,, the proportions of 
these compounds are the result -of the quantity of the 
substances brought into action, and of the other circum^ 
stances of the experiment, which, sometimes, produce 
fixed proportions. 
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